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III. The Elements of Geometry, Contracted, and Analytically 
Demonſtrated ; With a New and Eaſy Method of finding the 
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IV. Conick⸗Sedions, wherein the Chief Properties, Sc. of the 
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Sir RICHARD GROSVENOR Of 
Eaton, in the County Palatine 
of Cheſter, Baronet. 


SIR, 


HEN requeſted by ſome Bookſellers in 
London, to Reviſe and Prepare this Trea- 
tiſe for a New Impreſſion, and once re- 
| ſolved. to Anſwer their Demands ; I was not long 
conſidering at whoſe Feet to lay it 

My Memory may indeed be impair'd by Age: 

Misfortunes and Accident; nay, I am ſenſible it is 
ſo: But it muſt be entirely loſt, when I am forgerful 
of the great Obligations I lie under to Sir Richard 


X Groſvenor. 


*Z Your Hoſpitality and Generoſity aki you ſtand 
2 unenvicd in the abundance of Fortune. Any Upſtart 
may contrive to ſpend: a Great Eſtate ; But it is a 


Felicity almoſt peculiar ro Orear Birth to become 


4 One. 
Were I now to deſcribe Liberality without Pro- 
fuſencſs : 3 Steadineſs in Principles, without any pri- 
gate View; Candor and Affability, Good Nature 
Woin'd to ſound Judgment, and a Screnity of Temper, 
Which your Enemies will always find the Compani- 
n of true Courage; And then pronounce that you 


4A 2 are 


0 1 . 
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The DEDICATION. 


are poſſeſſed of all theſe good Qualities in in as high-s a 
Degree as moſt Men living; No Gentleman that 
knows you well, would think I flatter'd you. 

Sir, Give me Leave to ſay, I Honour your Cha- 
rater, and Love your Perſon ; My Expreſſions are 
uncourtly, my Stile unpoliſh'd, and therefore more 
proper to be prefix'd to a Work wherein the Matters 
related are indeed clad in a plain and homely Dreſs z 
but they are True, and deſigned to propagate Ma. 
thematical Learning amongſt ſuch as deſire to be 
introduced into that ſort of Knowledge; And I am 
extreamly pleas d they are permitted to be ſent into 
the World under your Protection. 


That you may long Live, to promote the Good of 
your Country, and that City in whoſe Intereſt you 
have ſo heartily engag d your Self; And that you 


may ever ſucceed in your own private Affairs, and 


live to enjoy all the Bleſſings that attend a quiet 
prudent Life, is the earneſt Prayer of, 


Honoured SIT N, | 
Tour moſt Obliged, Humble, 


aud Obedient Servant, 
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The Prxzracs. 


Tothe READER. 


T hi;k it Needleſs (and almoſt Endleſs) to run over all the 
Uſefulneſs, and Advautages of Mathematicks in General; 
ſail therefore only touch upon thoſe Two Aumirable 

Sciences, ARITHMETICK and GEOMETRY ; ich are indeed 
the Two Grand Pillars {or rather the Foundations) ./ which 
all other Parts of Mathematical Learning depend. 

As to the Uſefulneſs of Arithmetick, Zis well known that 
10 Buſineſs, Commerce, Trade, or Imployment what ſoever, eden 
from the Merchant to the Shop-keeper, &c. can be manag'd and 
carry'd on, without the Aſſiſtance of Numbers. 

And as to the Uſefulneſs of Geometry, Ts as certain, that 
2 curious Art, or Mechamck-Work, can either be invented, 
improved 5 without its, aſſiſting Principles; tho 
perhaps the Artiſt, or Workman, has but little (nay, ſcarce any) 
Knowledge in Geometry. | hs 

Then, as to the Advantages that ariſe from both theſe, Noble 
Sciences, when duly join'd together, to aſſiſt each other, and then 
Apply'd to Practice (according as Occafion requires) will 
readily be granted by all who conſider the vaſt Advantages that 
Accrue to Mankind from the Heſs of Navigation only. As 
alſo from that of Surveying and Dividing of Lands betwixt 
Party and Party. Beſiaes the great Pleaſure and Uſe there. 
is from Time-keepers, as Dials, Clocks, Watches, &c. All theſe, 
aud a great many more very uſeful Arts, (too many to be enu- 
merated here) hol] y depend * 1 the aforeſaid Sciences. 
Ad therefore tis no Vonder, That in all Ages ſo many 
Igenious aud Learned Perſons have imploy'd themſelves in 
NR writing upon the Subject of Mathematicks ; but then moſt o 


3 *-ve Authors ſeem to preſuppoſe that their Readers had made 


F: = ſome Progreſs in that ſors of 


earning before they attempted to 


3 peruſe thoſe Books, which are generally Large Volumns, written 


We 772 ſuch abſtruſe Terms that young Learners ere really afraid 
blocking into thoſè Studies. | 

Theſe Conſiderations firſt put me (many Years ago) upon the 
T houghts of Endeavouring to Com oſe ſuch a plain and familiar 
Introduction to the Mathematicks, as might Encourage thoſe 
hat were willing (to ſpend ſome Time that way) to venture 


ang proceed on with Chearf, ulneſs ; Tho perhaps they were 
| <vhotly 
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The Pxzracs. 
ar holly ignorant of its firſt Rudiments. Therefore I began with 
their firſt Elements or Princa ples. 

That is, Tbegan with an Unit in Arithmetick, and a Point 
in Geometry; And from theſe Foundations proceeded gradually 
on, leadiug the young Learner Step by Step with all the Plain- 
neſs I can, &c. 

Au for that Reafon I publiſhed this Treatiſe (Anno 1707) 
by the Title of the Young Mathematician's Guide; <vhich has 
Anſwer'd the Title ſo well, that I believe I may truly ſay 
(without Vanity) 7his Treatiſe hath prov'd a very helpſul Guide 

to gear fivethonſana Perſons ; and perhaps moſt of them ſuch as 

u never have look'd into the Mathematicks at all but for it. 

Ang not only ſo, but it hath been very well received among 
the Learned, and (I've been often told) ſo ll Approv'd on 

at the Uni vverſitics, in England, Scotland, and Ireland, that it's 

Oraer's to be publickly read to their Pupils, &c. 

The Title Page gives a fort Account of the ſeveral Parts 
treated of, with the Corrections and Additions that are made to 
this Fifth Edition, which I ſpall not inlarge upon, but leave 
tbe Book to ſpeak for fed z and if it be not able to give Satis- 
Faction to the Reader, I'm ſure all I can ſay bere in its behalf 
will never recommend it: But this may be truly ſaid, That 
-rhoever reads it over, will find more in it than the Title doth 

romiſe, or on he expetts : ITis true indeed, the Dreſs is 

Plain and Homely, it being wholly intended to 1 

aud not to Amuſe or Puzzle the young Learner with hard Words, 
| rnd obſcure Terms: However, in this I ſhall always have the 
' Satisfaftion'; That Poe ſincerely aim d at what's uſeful, tho" in 
ont of the meaneſt ways ; *Tis Honour enough for me to be 
1 accounted as one of the Under-Labourers in Clearing the Ground 
| 4 little, and removing ſome of the Rubbiſh that lay in the way 
zo this ſort of Knowledge. How well I have perform That, 

muſt be left to proper ꝓunges. a 
To be brief; As Jam not ſenſible of any Fundamental Error 
in this Treatiſe, ſo I twill not pretend to ſay it is without 
N Inperfections, (Humanum eſt errare) which I hope the Reader 
| avill excuſe, and paſs over with the like Candor and Good Mill 
that it was compoſed for his Uſe; by his real Well-wiſher, | 


J. WARD. 


London, October roth, 1 706 


Corrected, Sc. at Cheſter, | 


January zoth, 1722. THR 
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P 1 æcognita. 


HE Buſineſs of MarnzuAricks in all its Parts; 
both Theory and Practice, is only to ſearch out and 
determine the true Quantity; either of Matter, Space, 

1 or Motion, according as Occaſion requires. | 

V Quantity of Matter is here meant the Magnitude or Big- 

ieeſß of any viſible thing, whoſe Length, Breadth and Thickneſs 


3 may either be 72 2 or eſtimated. 1 | 
Y 2 a of Space is meant the diſtance of one thing from 


And by Quantity of Motion is meant the ſavi ftueſ of any 


bing moving from one place to another. . 
2" he conſideration of theſe, according as they may be opoſed. 


re the Subjects of the Mathematicks, but chiefly that of Matter. 
No the conſideration of Matter, with reſpect to its Quantity, 
Form aud Poſition, which may either be Natural, Accidental, or 
Veſigned, will admit of infinite Varieties s But all the Varieties 
bat are yet known, or indeed poſſible to be conceived, are wholly 
ompriſed under the due conſideration of theſe Two, Magnitude 
and Number, which are the proper Subjects of Geometry, 
Arithmetick and Algebra. All other Parts of the Mathematicks 
= ci; only the Branches of theſe three Sciences, or rather their 
Alication to particular Caſes, 


a A Stometey 


Pr æcognita. Part J. q 


2 * 


Geometry 75 4 Science by which we ſearch out and come to 
know either the whole Magnitude, or ſome part of any propoſed i 
Quantity; and is to be obtained by comparing it with ancther 8 
known Quantity of the ſaiae kind, which will always be 3 

"eſe, viz. A Line (or Length o A Surface, ti | 
ngth And Breadth) or a Solid (which hh Length, Breadth 
and Depth, cr Thickneſs) Nature admitting of 120 other Di- 
menſions but theſe T bree. 6. 
Artthmetick 75 4 Science by which wwe come to know what | 

Number gf. Quantities here arg, (either real or hrfftginary) of 
any kind, contained in another Quantity of the ſ hne kind : N 
this Confideratitn is very diſſerent from. that of Geometry, which i 
is only to find out true and proper Anſcvers to all ſuch Queſtiens if 
ar demand, how Long, how Broad, how Big, &c. But ꝛchen i 
wwe are to conſider either of more Quantities hn one, or how if 
ofren one Quantity is contained in another, then we have recourſe 
to Arithmetick, chu is to find out true and proper Anſwers io 
all ſuch Queſtions as demand how Many, «what Number, or iſ 
Multitude of Quantities here are. To be brief, the Subject of 
Geometry 75 that of Quantity, with reſpect to its Magnitude il 
only; and the Subject of Arithmetick 7s Quantities 2v274 reſpect 
to their Number only. 15 | ".W 'B 
Algebꝛa 75 4 Science by ich the moſt abſtruſe or diffeeult il 
Problems either in Arithmetick or Geometry 27? Reſolved und 
Demonſtrated, that is, it equally interferes uith them both ; 
and therefore its promi Jeon fy named, being fomerintes called 
Specious Arithmetick, #5 by Harriot, Vieta, and Doctor Wallis, 
Ec. And ſometimes its called Modern Geometry, particulariy 

the ingenious and great Mathematician, My. Edmund Halley 8 
Savilian. Profefſer of Geometry in the Univerſity of Oxford, 
giving this. following Inſtance of the Excellence of our Modern 
Algebra, writes thus, | | = 

* The Excellence of the Modern Geometry { ſaith he) is in 

* nothing more evident, than in thoſe full and Adequate Solutions 
© it gives to Problems: Repreſenting all the poſſible Caſes at one 

diere, aud in one general Theorem many times comprehenting 
ahole Sciences; which deduced at length into Propofitions aui 

* deizonſirated after the manner of the Ancients, might ell 
* become the Subjects of large Treatiſes : For *ehatſoever Theorem 
* jetves the moſt complicated Problem of the Rind, does with a 
Aue Reautticn reath all the Subordinate Caſes. Of which be 
gi ves 4 noteble Iuſtance in the Doctrine of Dioptricks for finding 
he Foci of Optick Glafles aniverſally, (vide Philoſophical W 
Tranſactions, Nun. 20 5. F 
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Of Characters. 3 


Thus you have a ſhort and general Account of the proper 
Subjects of thoſe three Noble and Uſeful Sciences, Arithmetick, 
Geometry and Algebra. I. ſhall now proceed to give a particular 
Account of each, and firſt of Arithmetick, which is the Baſis or 
Foundation of all Arts, both Mathematick and Mechanick ; and 
tb, ty it ought to be ell underſtood before the reſt are mealed 
thal. 


—_— — — — * 


vide Doctor Wallis's Algebra, Page 12. 
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CHAP. 1 


Concerning the ſeveral Parts of Arithmetick, with the Defimtion 
cf ſuch Characters as are uſed in this Treatiſe. 


— 


4 | A Rithmecich, or the Art of. Nuiabring, is fitly divided into 


three diſtin& Parts, two of which are properly called Na- 


9 | zZural, and the third Artificial. 


The firſt being the molt plain and eaſieſt, is commonly called 
Vulgar Arithmetick in whole Numbers; becauſe every Unit or 
Integer concerned in it, repreſents one whole Quantity of ſome 
Species or thing propoſed. | 

The ſecond is that which ſuppoſes an Dit (and conſequently 
the Quantity or thing repreſented by that Cuit) to be Broken or 
Divided into equal Parts (cither even or uneven) and confiders 
of them either as pure Parts, viz. Each leſs than an Unit, or 
elſe of Parts and Integers intermixt. And is uſually called the 
Doctrine of Vulgar Fractions. 

The third, or ol anon Part, is called Decimal Arithmetick ; 
being an Art iſcial Invention of managing Fracticms or Broke: 
Nunbers, by a much more commodious and eaſy way than that 
of Vulgar Fractions: For the ſeveral Operations performed in 
Deci mals, differ but little from thoſe in Whole Numbers ; and 
therefore it is now become of general Uſe, eſpecially in Geome- 


trical Computations. 


Arithmetick (in all its Parts) is performed by the various 


4 ordering and diſpoſing of Ten Arabick Characters or Numeral 
999 Figures (which as | 


y ſome are called Digits) 


9 Jr Two Three Four Five Six Sever Fight Nine Cypher 
33 ore 4 I rl 8 9 G, 


T he uſe of theſe Characters is ſaid to be firſt introduced into 
England wear ſix hundred. Years ago, viz. abcut the Tear 1130, 
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Signs Names. 


4} 


Y 


A  Aritymerick. 


Star, one Man, &c. 

Viz. Unity is that by which every thing that is, is called one 
(Euclid. . Def. 1.) and is the beginning of all Nzmbers. That 
is to ſay, Number is a Multituge of Units. Euclid. 7. Def. 2. 

For, one more one, makes Two; and one, more one, more 
one makes Three, Sc. Which is the firſt and chief Paſtulate, or 
Rather Axiom 70 Arithmetick. 


That 1 T1 2. ITI Iz. 1+1+1+1=4. 
i+1+1+1+1=5. And ſo on to 9. * 


Nine of theſe Figures were thus compoſed of Units, and 
differently form'd to repreſent ſo many Unirs put together into one 
Simm, as was intended each ſhould denote : Mie being the greateſt 
Number of Units that was then 3 convenient to be expreſſed 
by one ſingle Character; the laſt of the Ten is only a Cypher, or 
{as ſome a it) a Nothing, becauſe of it ſelf it ſignifies 
nothing; for if never ſo many Cyphers be added to, or Subſtrafted 
from, any Number, they can neither increaſe nor diminiſh that 
Number ; but yet as a Cypher (or Cyhers) may be placed, the 
other _— will become of different Values from what they 
were before, as will appear further on. | 

For the more convenient ordering of the aforeſaid Numeral 
Figures, according to the ſeveral Varieties that happen in 
Computations ; 1 do adviſe the young Learner to acquaint him- 
ſelf with the Signification of the following Algebraick Signs or 
Charafters, which he will find of excellent Uſe, as being a much 


Pig. 


ſhorter, better and more fignificant way of denoting what is to 


be done (in moſt Operations) than can otherwiſe be expreſſed 
in Words at length. ESL N 


Significations. | 


The Sign of Addition; As 8+7 is 8 more 
7, and ſignifies that the Numbers 8 and 7 are 
to be Added into one $77. The like is to be 
Nlus or underitood when ſeveral Naumbers are connected 
mere. together with the Sign + 


As 34T22+9T+45, Ec. denotes theſe are 
ll to be added into one Sum. Nl 


The 


Part I. 


be firſt of theſe Characters is called Unity, and repreſents If 
one of any kind of Species or Quantity. As one World, one 


* a - 


11 
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— 


913 The Sign of Subſtraftion ; As -s is 9 leſs 
* [; Minus Js, and fignifies that 6 is to be taken from 9, 
4 or leſs. { that fo their Difference may be found. 


8 The Sign of Multiplication ; as 9X6, is 9 

Mae or <into 6, and ſignifies that is to be Multiplied 

# with. into or with 6. ; | 

The Sign of Diviſion ; as 8 2, is 8 by 2, 

8 and ſignifies that 8 is to be Divided by 2, alſo 

14 9 thus 2) 8 (4. or thus 5 each ſignifying the 
ſame thing, to wit, 8 Divided by 2, 


" The Sign of Equality or Equation, - Viz. 
\ whenever this Sign = is placed betwixt Numbers 
(or Quantities) it denotes them to be Equal, 


5 9=9, or 9+6=15, or 9—6=3, Cc. That 


& 
c 


12 IJ Equal. 


? * 
9 
* 
% 
F 
A 
7 
* 
5 
* 


* 


is, 9 is Equal to 9, or 9 more 5 is Equal to 15, 
. and 9 leſs 6 is Equal to 3, c. 

FAY ] | | 

4 The Sign of Proportion, or that commonly 
| / called the Golden Rule, or Rule of T bree, and 
A 80 is : is always placed betwixt the Two middle 
; ; 8 ITE * Yeerms or Numbers in Proportion. Thus, 


-3& 


f 2:8::6: 24 To be read thus; As 2, 
Is to 8, So is 6, To 24. 


= Theſe Signs and their S$7g7z/ications, being perfectly learnt, 
ill help to ſhorten the Work. | | 


CHAP. II. 


EY Concerning the Principal Rules zu Arithmetick, and how they 
_ - ere perforized in Whole Numbers : 


5 
1 
wo 


. 
* 


N T HE Rules by which Numerical Operations arc 'd 
in all the Parts of Arithmetick, are many and various, 
ſeveral of them being form'd and raiſed as Occaſion requires, 
when applied to Practice, yet they are all comprehended within 
the due Conſideration of theſe Six, viz, Numeration (or Notation) 
© "Advitions 


F * A] 


1 —— 4 
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Kdvicion, Subſtragion, Multipliration, Diviſion; and Evolution, L 
= 

0 

0 


0 


or Extraction of Roots. 


— * — — 


Sect. 1. Of Numeration cr Notation. 


Numeration or Notation, teacheth to Read or Expreſs the A 
true Value of any Number when writ down ;' and conſequently to 
write down any propoſed Number according to its true Value when 
it is named: And this conſiſteth of Two parts F 


1. The due order of placing down Figures. 
2. The true valuing of each Figure in its place. 
Both which are plainly exhibited in the following Table. 


— — ** >. "I 


2 — 


mo | 
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4 Period of Heriod f: Period ; period of 
8 Thouſands; Millions 'of Thow-:Vnits | 
XS of Millions: | ſands - l 


By this Numeration Table it's x ar yk that the order o 42 | 
Places is reckoned from the Right-Hand towards the Left; the 
Firſt place of any Number being always that which is the outmol'l 
Figure to the * n ee ; and whatever Figure ſtands in that 
place, doth only ignify its own ſimple value, viz. ſo many Uni 
as that Figure repreſents. 

- 'The ſecond place is chat of Tens, any Figure ſtanding in that 


place fignifieth ſo many Tens as that Figure repreſents _ 
| ; 
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as. 
ns © 


For inſtance, ſuppoſe 7 5 


9 were 
W nounced according to the Value o 


” 


— 


8 1 ; The third place is Hundreds, the fourth place Thotſands," &c. 


That is, each place towards the Left-Hand is Ten times the value 
of that next it towards the Right. unt | | 
a opoſed to be read or pro- 

each Figure as they now 
ſtand. The firſt Figure in this Sum is 9, becauſe it ſtands in 
the place of Units, and therefore ſigniſies but its own ſimple 
Value, to wit, 9 Units, or Nine. The ſecond Figure 5 ſtands in 


the place of Tens, and therefore ſignifies Five Tens or Fifty. The 


Figure) ſtands in the third place, or place of Hundredt, and 
therefore it ſignifies Sever Hundred, and the whole Sum is to be 
read or pronounced thus, Sever Hundred Fifty Nine. 

Note, Although the Figure 7 ſtands in the third place 


(according to the order of Numbering) yet when the whole Sum 
comes to be read it's firſt pronounced, the reading of Numbers 
RE dceing perform'd like that of Letters or Words, always beginning 
= with the outmoſt Figure towards the Left-Hand, and ſo many 


Figures as are placed together without any Point, Comma, Line, 
or other Note of DiftinAion between them, are all but one Sum, 
and muſt be read as ſuch. 


For Example, 563596 is but one intire Sn or Number, not- 


withſtanding it conſiſts of fix places of Figures, and, is thus 


Tread ; Seven Hundred Sixty I bree Thouſand, Five Hundred 
*Nenety Six. | 


The like is to be obſerved in reading or exprefling the truo 
Value of any Sum or Ran of Numberꝭ conſiſting of Seven, Eight, 


Nine, or more places of Figures, each Figure being to be vatued 


according to its diſtance from the place of Unity : As in the 
toregoing Table. | 
Now ſuch Values may as well arife by Cyphers, as by other 
Figures ; for inſtance, 6 ſtanding by it ſelf, repreſents but Six 
Units: But it a Cypher be annext to it thus, 6o, then it becomes 


bu Sixty ; for the Cypher poſſeſſing the place of Juits, hath thereby 
removed the 6 into the place of Tens; and another Cypher more 
would make it 600, Six Hundred, &c. 


Whence it may be noted, that altho' a Cypher of it ſelf fionify 


ale nothing (as hath been ſaid before) yet being placed on the Right 


Hand of any Figure, it augments the Value of that Figure by 
nz it into a higher place than otherwiſe it would have 
been, had not the Cypher been there. | 

Lake one Example more in N?eration, if you pleaſe, that 
in the Table, viz. 678987654321, which is, according as is 
there ſignified, | 


Six 
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Six Hundred Seventy Eight 7 houſand Millions, I 4 
Nine Hundred Eighty Seven Millions, 9 


Six Hundred Fifty Four Thouſund, _—_— 
Tree Hundred Twenty One Units. Of any propoſed Species Wi 
or Quantities whatſoever, ge Cog o 

And here it may be obſerved, that every third Figure from Wil 
the place of Units, bears the Name of Hundreds; which ſhews Wl 
that if any great Sum be parted, or rather Sing hog into Wl 
Periods, ”; Three Figures in each Period (as in the foregoing Wi 
Table) it will be of good uſe to help the young Learner in the 


1 
E | 
3 

Ez 


eaſier valuing and expreſſing that Sum. vx 
| _ —— — — —— — — +90 
Sect. 2. Of Addition. 6. 

Poſtulate or Petition. 1 
That any given Number may be increaſed or made more, by i 
| putting another Number to it. Ep 4 


Addition is that Rule by which ſeveral Numbers are col- 
lected and put together, that ſo their Sum or Toral Amount 
may be known. Aues ! * bun 
In this Rae Two things being carefully obſerved, the Work 
will be eaſily performed. 

1. The firſt is the true placing of the Numbers, fo as that each 
Figure may ſtand directly underneath thoſe Figures of the ſame Wl 
Value, vis. place Duits under Units, Tens under Tens, and 
Hundreds under Hundreds, &c. AS = 

Then underneath the loweſt Rank (always) draw a Line to 
ſeparate the given Numbers from their Sum when it's found. E 

Example. If dheſe Numbers 54527, and 2651, were given to 
be Added tegether, they muſt be placed 1 
| 34327 '-; 

| Thang 2651 

2. The ſecond thing to be obſerved is the due Collecting or 
Adding together each Row of Figures that ſtand over one ano- # 
ther of the ſame Value: and that is thus performed. 13 


| Rule. a y 

Always begin your Addition at the place of Units, and Add Wl 
teget her all the Figures that ſtand in that place, and if their dum 
be unger Ten, ſet it down below the Line underneath its own 
place; but if their Sum be more than Ten, you muſe ſet daun 
only rhe overplus, or odd Figure above ve Ten (or Tens) and jo 
any Tens as the Sum of thoſe Units amount to, you muſt carry 
| 10 


ä 
ä 


hap. Of Addition. 9 


8 


e place of Tens; Adding them and all the Figures that 
and in the place of Lens together, in the ſame manner as tho 
be Units were Added ; then proceed iu the ſame order to the 

ace of Hundreds, and ſo on to each place until all is done. 
The Sum ariſing from thoſe tions will be the Total 
W\ mount required. | . 


| Erample 1. 

Ter it be required to find the Sum of the aforeſaid Numbers, 

. 9 VIZ. 5 54327 
1 2651 


— 


E 56978 the Sum required. 3 
geginning at the place of Vuits, I ſay 1 and 7 is 8, which 
ing leſs than 10; I ſet it down (according to the Rule) under- 

Fat its own place of Units ; and then proceed to the place of 
ens, ſaying 5 and 2 is 7, which being leſs than 10, I ſet it down 
t Wnderneath its own place of Tens, and proceed to do the like at 
e place of Hundreds, and then at T houſands, ſetting each of 
© Weir S275 underneath their own reſpective places: Laſtly, 

Nause there is not any Figure in the lower Rank to be adde 
iche Figure 5, which ſtands in the place of Ten T honſands, in 
> 1 e upper Rank, I therefore bring down the ſaid 5 to the reſt, 
| Wacing it underneath its own place, and then I find that 
: 4327 T2651 256978, the true Sum required. 


1 0 
8 Example 2. 
1 


We Suppoſe it were tequired to find the Sum of theſe Numbers, 
= +495 +142 +184 +95. Theſe. being placed, as before 
ected, will ſtand as in the Margin. Then Ae (as before) 

he place of Unizs, ſay 5 and 4 is 9, and 2 is 11, and 
17, and 8 is 25 ; ſet down the 5 Units underneath its 3578 
place of Unzizs, and carry the 20, or two Tens, to the 496 
ce of Tens (at which place they are only 2) ſaying, 2 742 
9 is 11, and 8 is 19, and 4 is 23, and 9 is 32, and) 1384 
39 ; ſet down the 9 underneath its own place of Tens, 95 
4 d carry the zo, or three Tens (which indeed is 300) — 
che place of Hundreds, at which place they are but 3, 3095 
Lying, 31 carry and x is 4, and 7 is 11, and 4 is 15, and x 
is 20; here becauſe there is no Figure overplus (as before) I ſet 
own a Cypher underneath the place of Hundreds, and carry the 
ens (or rather the 2000) 9 place of 7 Honſands, m5 
0 as 


21 


vn. 


— 


10 Arithmetien. Part 1. 
(as before) a I carry and 3 is 5, which being the laſt, I fet 
own underneath its own place, and all is finiſhed. And find the 


# 


Sum or Total Amount to be 5099=3518+496+742+184-+95. WM 
It this Example be well confidered, it will be ſufficient toi 
ſhew the ufual Method of Audition in Whole Numbers; but ta 
make all plain and clear, I ſhall ſhew the young Learner the b 
Reaſon of carrying the Tens from one Degree or Row of Figures, 
to the next Superior Degree, which is done purely to ſave 
Trouble, and prevent the ufing of more Figures than are realj 
neceſſary, as will appear by the following Method of adding 4 
together the ſame Numbers of the laſt Example. . = 


Thus, Add together each ſingle 
Row of Figures by it ſelf ; as if there 
were no more but that one Row, 
ſetting down the S/] underneath its 
own place. topics) 


The Sum of the Row of Units, is 12155 A 
The Sum of the Row of Zens, is 3% a: 
The Sum of the Row of Hund. is : 11:7:0!0 1 
The three T Hoſand brought down 30 


The Sum or Teras Amount as before, is 5 0 9 5 


From hence I preſume it will be eaſy to conceive. the true 
Reaſon of carrying the aforeſaid Tens ; and alfo that Cyphers don 
not augment or increaſe the Sum in Addition. (See Page 4.) 7 

I might have here inſerted a Lineal Demonſtration of this 5 
Rule of Addition ; but I thought it would rather puzzle than 
improve a young Learner, eſpecially in this place; beſides the 

Reafon of it is ſufficiently evident from that Natural Truth ef 
the Whole being Equal to all its Parts taken taget ber. Euclid. 1 
That is, the Nambers which are propoſed to be Added toge. 
ther are by that Axiom underſtood to be the ſeveral Parts, and 
5 2 or Total Amount found by Addition is underſtood to be 
e Whole. 9 | hp 
And from thence is dedueed the Method of proving the 1 
Truth of any Operation in Addition, vis. By parting or ſeparating Wi 
the given Numbers into Ywo Parcels (or more, according to the 
Largeneſs of it) and then Adding up each Parcel by it ſelf : For 
if thofe particular Sums ſo found, be Added into one Sum, and 3 
at Sui prove Equal or the fame with the Total _ o $ 
| 5 ound, 


L bhap. 2. Of Subltxaction. | 11 
2 bund, then all is Right; if not, care mult be taken to diſcover 
e uc correct me Error. ; | | | vw SES : 
ol | Example. 
0 b TY IT : * 3647 k L . | . 
" N 3289 > The Sum of theſe Parts is, 12.953 
= | 4016 : e 
3 * | 2900 | 
22 $007 e The Sum of theſe, is 9513 
be Tora! Sum of __ The Sum of each 46: 
all theſe Parts 405 Parcel put together 5 © 493 


— 


= ,  Poftulate or Petition. 
V That any Number may be Diminiſbed, or made Leſs, by taking 


another Number From it. 


SBublfkraction is that Rule by which one Number is Deducted 
or taken out of another, that ſo the Remainder, Difference, or 
= Zrce/i may be known. 3 
As 6 taken out of 9, there Remains 3. This 3 is alſo the 
Difference betwixt 6 and 9, or it is the Exceſs of 9 above 6. 
=_ Therefore the Number (or Sum) out of which Subſtrattion is 
required to be made, muſt be greater than (or at leaſt equal to) 
che Sb:rabend or Number to be Subſtrafted. on 
= Note, 7 his Rule is the Converſe or Direct contrary to 
Addition. | | | 
And here the ſame Caution that was given in Addition, of . 
placing Figures directly under thoſe of the ſame Value, vis. Units 
under Units, Teus under Tens, and Hundreds under Hundreds, 
Keæ. Muſt be carefully obſerved; alſo un derneath the loweſt 
Rank there mult be drawn a Line (as before in Addition) to ſepa- 
rate the given Numbers from their Difference when it's found. 
Then aving placed the leſſer Number under the greater, the 
Operation may be thus performed. | 
Rk TE Son * | Tory ; 
- Begin at the Right Hand Figure or place of Units (as in 
Addition) and take or Send the lower Figure in that place 
44014 2 fi 018 


þ L 
By 


2 
7 
Fo 
= 
7 
4 
p 
I's! 


—— 
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from the Figure that ſtands over it, ſetting down the Remainder io 
er Difference underneath its own place. If the Two Figures Wiles 
chance to be Equal, ſet down a Cypher: But if the upper Fi- 
gure be leſs than the lower. Figure, then youu muſt Add 19 to the 
upper Figure, or mentally call it io more than it is, and fron i 
that Sum Subſtract che lower Figure, ſetting down the Remainder 
65 before directed). Now becauſe the to thus added, was ſup- Wl 
0 to be borrowed from the next Superior place (viz. of Tens) 

in the upper 1 therefore you muſt either call the upper 
Figure in that place from whence the 10 was borrowed, one leſs i 

than really it is, or elſe (which is all one, and moſt uſual) you 

muſt call the lower Figure in that Place one more than it really 2 
is, and then proceed to Subſtraction in that place, as in the for- 
mer; and ſo gradually on from ous Row of Figures to another 
% —— — — 
. Erample r. 1 

Let it be required to find the Difference between 6785, and 

4572. That is, let 4572 be Subſtracted from 678 5. 1 
' Theſe Numbers being placed down, as before directed, will 


ſtand UI 
* 1 : / 67 5 
Thus 1 4572 


— 


WS * © © 
1 2 - 
5 2 


- 5 
> 
4 
—_ 
4 


A. 


1 

* 
„ 

* 7 


— Ü—ꝛü—ä 
* 


th! \ ar3 TO | 
Beginning at the place of Units, take 2 from 5 and there 
will Kemain 3, which muſt be ſet down underneath its own place, 
and then proceed to the place of Tens, taking ) from 8, and 
there will Remain 1, to be ſet down underneath its own place ; =" 
again, at the place of Hundreds, take 5 from ), and there Re- 
mains 2, which ſet down, as before; laſtly, take 4 from 5 and 
there will Remain 2, which being ſet down underncath its own 
place, the Work is finiſhed, and the Difference ſo found will be 
2213==6785—4572, as was required. 1 2,190. 12564 


Example 2. 

The Difference between 5849, and 7496 is required. 
Having placed the Numbers as in the Margin, begin 
at the place of Units (as before) and ſay 9 from 6 cannot 7496 
be, but 9 from 16 and there Remains ), to be ſet down 5849 
under its own place; next proceed to the place of Tens, | 
where you mult now pay the 10 that was borrowed to 1647 
make the 6, 16, by accounting the upper Figure 9 in that | 
place one leſs than it is, Much; 4 Gem 8 and there Remains 4, 
or elſe (which is the moſt practiſed) ſay 1 I borrowed and ge 
W 0 n ; a R trom 


- 


. 


Of Subſtraction. _ 


3 hap. 2. 
_ 


= 
4 

3 

© 


, I 


: 


. 
* 
4 


Jom 9 and there Remains 4, to be ſet down under its own place 


oy 


s before); again, at the place of Hundreds, ſay 8 from 4 that 
not be, but 8 from 14 there will Remain 6 to be ſet down 
f nd here I have borrowed 10 (as before) which muſt be paid in 
Joe ſme manner as the other 10 was, vig. either by calling the 

in the upper Rank but 6, ſaying, 5 from 6 there Remains x, 
r elſe b Kying 1 borrowed and 5 is 6 from 7 and there Remains 
. which being ſet down under its own place all is done, and the 
iperence required will be 1647=7496—5849. 1s 


X 
r 
$ 
4 
2 
3 


9 From 850476 - 
ST Take 741068 


- Remains 89408 


y this Example you may perceive that Cyphers in the Sub- 
8#-4end, viz. in the Numbers to be Subſtractea, do not Diminiſh 
hc Nynnber from whence Subſtraction is made. See Page 4. 
= Theſe Three Examples I preſume may be ſufficient to ſhew 
he young Learner the Method of S$1bſtratt:ng whole Numbers ; 
s for the Reafon thereof it's the ſame with that of Hadition, 
; Page 1c, viz. of the Whole being Equal to all its Parts taken 
= other. | 
* That is, in this Rule the Number from which Subſtraftion 
required to be made, is underſtood to be the Whole, and the 


8$5:-:r4hend or Number to be Subſtratted, is ſuppos'd to be a part 
f that Whole, conſequently if that Part be taken from the 
Whole, the Remainder will be the other part. | 
From hence is deduced the common Method of proving Sub- 
fr action, by Adding together the Subtrahend and the Remainder. 
or if the $72 of thoſe Two which are here called Parts, be 
% qual to the Number from whence Subſtraction was made (which 
here called the Whole) then the Work is Right ; if not, care 
muſt be taken to diſcoyer and correct the Error. | 


© 4 


1 
+ 


= From 59435 
Add 


| 11827 | ae 
Proof 7555 "He Sum which is Equal to the Number from 
$9435 Whence Subſtrattion was made. 


Or 
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Or from the aboveſaid Reaſon, it will be eaſy to conceive hom 4 
to prove the Truth of Subſtrattion by Subſtrattion. | 4 


For if from 59435 being here the whole, 
there be taken 47608 as part of that whole, 


there will Remain 1182) the other part (as before) TW. 4 
And if from 59435 the whole, there be Subſtracte the 
laſt part, vis. 1182 x 


K 
= 
7 


there will Renin 47503 the firſt part, or Number which war 
required to ve firit Sed. | 4 


From 75643 From 7000000 
Take 9000 Take 986432 : 


* 


9 = 
” 
— 9 K * 
K 
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Sect. 4. Of Pultiplication. 


Pualtivlicatim is a Re by which any given Number may be 
ſpeedily Increaſed, according to any propoſed Number of Times 16 

That is, One Number is ſaid to Multiply another, 2when th 
Number Multiplicd is ſo of?22 Added to it ſelf, as there are Unii 
in the Number Multiplying ; and another Number is produced 
(Eurlid. 7. Def. 15.) H WH 

To perform Multiplication there is required two given Nun 
bers, called Factors. _ 
T be Firft" is that Naber which is to be Afulti plied, and ii 

nerally put the greateſt of the T'wo Numbers, commonly call 
the Multi plicand. = = 

The other is that Number by which the Firſt is to be Multi. 
lied, and is uſually called the Multiplicater or Multiplier ; and 
this denotes the Number of Times that the Multi plicand i 
required to be Haded to it ſelf. For ſo many Units as are con 
tained in the Multiplier, fo many times will the Multi plican 
be really Added to it ſelf, (as per Euclid above). And from 
thence will ariſe a Third Number, called the Product. But ii 
Geometrical Operations its called the Rectangle or Plain. 5 

For inſtance ; ſuppoſe it were required to Increaſe 6 Fo 
times, That is, to Multiply 6 into or with 4, theſe Two Number 
are to be ſet (or placed) down as in Addition or Subſtrattion, 


Th 


* 
* 
9 

5 


Thus 1 a Tor Factors. 


hap: 2. Gt Multiplication. 


4 Multiplier, 


| Preduft 24 viz. 4 times 6 is 24, as plainly appears 
ey Addition, vis. By Setting down 6 Four | & = 
times, and then adding them together into one [2] 6 Add 
eum, = Thus [3] 6 
"= 4 


6 

= From hence it is Evident that Multiplication ——— 

„ is only 4 Conciſe or Compendious Way of Ad- 24 

ing any given Number 70 it ſelf, ſo often as any Number of 

ines may be F whit vis ; 

3 Before any Operation can be readily performed in Multi pli- 

ration, the ſeveral Products of the ſingle Figures one into ano- 

yer muſt be perfectly Learn'd by Heart, v:z. That 2 times 2 is 

, that 3 times 3 is 9, and 3 times 6 is 18, Sc. According as 
Whey are expreſſed in the following 2a le; Wherein I have 

— —＋ Multiplying with 2, it being ſo very eaſy that any one 

7 me | it. 

OY Multiplication Table. 


* 


0 13X3= 9|4X4=16|5X5=25]6X6=36{7 X7=49, KA 
2 5 4X5=20]|5X6=30[6X75=42|7 X8=56 — 
2 3X5=15|4X6=24|5X7=3516X8—48|7X9=63 9981 
1:58 4 [3X6=18 4X%7—=28 5X8=40 65850 
1 [3X7=21]4X8=32|5X9=45 | rl 
= 3X8=24[4X9=301( 
; 13X92==27, 


. 
. 
__ 
6 "* 
9 7 
e 
wy 


id W 1 think it needleſs to give any Explanation of this Table z 
er if the Sigus and their Significations be well underſtood, (vide 
age 5) it muſt needs be eaſy. Only this may be noted, that 


i $X3=3X4, Or J7X5=5X7, Oc. 


10 at is, 3 times 4 is the ſame with 4 times 3, or 5 times 7 

che ſame with ) times 5, Sc. The like mult be underſtood 

7 $ 1 df all the reſt in the Table. | 

And when all theſe fingle Products are ſo perfectly Learn'd 

” d Heart, as to be ſaid without auſing; you may then proceed 

i (but not till then) to the Buſineſs of Multiplication; which will 
be found very eaſy, if the following Rule (and Examples) be 

carefully obſerved, _. 

| Rule. | 


| Always begin with that Figure which ſtands in the Units place 
. of rhe Multiplier, and with it Multiply he Figure avbich ſtands 
in 


0 


— — — — — 
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in the Units place of the Multiplicand ; if their Product be Zeſ i, 

than Ten, 72 it down underneath its own place of Units, am 
oceed to the next Figure of the Multiplicand. But i their \ 
Product be above Ten (or Tens) then ſer down the Overpluif 
only (or 044 Figure, as in Addition) and bear (or carry) the ſaid 
Ten or Tens in mind until you have Multiplied the next Figure 
of tbe Multiplicand, ir the * Figure of the Multiplier; 
then to their Product Add the Ten or Tens beared in wind et 
ting down the Overplus of their Sum above the Tens, as vey 4 
and fo proceed on in the very ſame manner, until all the Fi- 
gures of the Multiplicand are Multiplied irh that Figure of 
he Multiplier. I = 
| Example r. = 
Suppoſe it were required to Multiply 3243 into or with 3. * 

3213 Multi plicand, . 
; Mulriplier, J or Fattors 
Product 9639 | —_— | 
Beginning at the its place, ſay, 3 times 3 is 9, which be- 
cauſe it is leſs than Zen, ſet it down underneath its own place, 
and proceed to the next place of Tens, ſaying 3 times 1 is 2,8 
which ſet down underneath its own place; then to the next place, 
vis. of Hundreds, ſaying 3 times 2 is 6, which ſet down, as 
before; laſtly, at the place of T Hou ſamds, ſay, 3- times. 3 is 9, 
which deing {et down underneath its own place, the Operation 
is finiſhed ; and the true Product is 9639=3213X3, as was re- 
quired, 2 8 35 RF 
Example „ | A 5 
Let it be required to Multiply 8 569 into 8. Set down theſg BH 
Numbers as before, 151 ES 

8569 

Thus L 8 

| 68552 M l A 
Beginning at the Units place ſay, 8 times 9 is 72, ſet down 1 
the 2 underneath its own place of Units, and bear the o, or 
7 Tens in mind, and proceed to the next Figure of the Multi- 
Flicand (at which place the ) Tens are only )) ſaying 8 times 
6 is 48, and the 7 carried in mind is 55; 2 down the odd 5 
underneath its own place of Tens, and carry the 50 (which, is 
really 500) to the next place (vis. of Hundreds), at which 
Place it is only 5, where ſay, 8 times 5 is 40, and the 5 Car- 
ried in mind is 45; ſet down the 5 underneath its own place, 
and carry the 40 or 4 Zens (which is really 4000) to yy 
| next 
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be Multi pliea) ſet down the whole Product 68, and the Work 
done. e y a6! | 


| ay be caſily conceived from this which tollows, | 
1 8 5 6 85 The. ſame Facters as before. | 


=; | | | Here 8 times 9 is 72, as before, becauſe the 9 
E | 24 ſtands in the Units place. 

W Now here it is not really 8 times 648, but it is 
0 


r 60=480, becauſe the 6 ſtands in the place of 
R 7 
| And here it is not 8 times 5==40, but it's really 
O 8 times 500=4000, becauſe the 5 ſtands in the place 
of Hundreds. : 


\ Laſtly, becauſe the 8 in the Multiplicand ſtands 
0 
4 


in the place of T Hot ſands, it's therefore 8 times 
by. 8000=64060, and nat 8 times 8—64. 

1 The Sum of the particular Preducts, which gives 
3552 4 the true Product, as before. Ef 5 


By wbat hath been already ſaid, with a little Conſideration 
ad to the Examples, 1 preſume the Learner may eaſily under- 
and how to Malti ply Lr Numbers with any ſingle Figure. 
and when it is requir'd to Multiply with more than one; Then 
IÞ many Figures as there are in the Multiplier, ſo many patti- 
lar Products there muſt be. | 
IT That is, all the Figures of the Multiplicand muſt be Multi- 
iel with every fingle Figure of the Multiplier as if there 
Mere but one ſingle Figure; and the Sum of all thoſe particular 
roaucts, will the True Product required; but in thoſe 
ecrations, great Care muſt be taken in ſetting down the par- 
lar Produfts (which ariſe by each Multiplying Fignre) in 
cr proper places. Which will be eafily done, if the follow- 
ing Directions be carefully obſerved. | 


2 Always place the firſt Figure (or Cypher) of every 
Viz. Feng Produkt, directly underneath the Multi ply- 


SED 


ing Figure. Or thus : 


T he Firſt Figure (or Cypher) of the ſecond particular Product 
uſt ſtand directiy under the ſecond Figure (or place) of the 
Firſt Product; and the Firſt F igure (or Cypher) of the T hird 

> D articular 


2 


7 h 


18 


— | — » 
particular Product, muſt * directly underneatb the Thin 
Figure of the Firſt Product: And fo on until all is one. 
Now the Reaſon of placing the firſt Figure of every particulaf 
Product in this order, will be very obvious to any one thalf 
conſiders the laſt Example; wherein the Cyphers are only ſo 
down to ſhew the true diſtance of the firſt Figure in eacif 
particular Preduct from the Units place. And altho* it is nol 
aſual to ſet down Cypher; in this manner; yet they are alway 
fuppos'd to be there: That is, their Places are, always left void 
as in the two following Examples; wherein I have place 


2 Cary 


Points inſtead of Cyphers. 9 | | 
Evample 3. 
Let it be required to Multiply 78094, into or with 7563. 4 3 
120948 Fe 15. ec .. 

1563 / Flor. = 


1 _ 
£ => 


234282 The Firſt particular Produdt with, 3 
468564 be Second particular Preduct with 62 
390470” The Third particular Progutt with 500 BY 
546658*** The Fourth particular Praduct with 7 Wi 


— 


590624922 The Total, or true Product required. 


Example 4. : 
Suppoſe it be required to Multi ply 57498 into 60008...” |, 


57498 
60008 


459984 The Produ8 aan 
344988 The Product wth Coo 


— 


34503 39984257498 x60008 as was required. 
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2. Of Multiplication. 19 
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Example 5. Example 6. Erample . 
uy $7600 485000 
0 79 56900 
= 7884 7065 
5 1 6132 ; 47 1@ 
.- * r 3925 
5 5 4466 o 


Take 4 few Examples without their Work at large. 


8 © 95649X579==438007 71 

_  687000X356==244572000 

1  $30674X45007:=23884044718 

* 790137 5X30000==2 37041250000 

4 537084000X590700=317255518800000 
4 1020304057 50403020125 1426405 540261405 


9876 5432 1xX 123456789 212193 2641112635269 


7 Note, If it be required to Aulripiy any Number wich 1 
oo, 1000, 10000, c. it's only annexing the Cyphers of the 
ltiplier to the Figures of the Multiplicand, and the Work is 
n . r 

4 5$978X10 =5780 . 5y8X1000 =578000 <: . 
Thus 578X100=57800. 578Xr10000=5580000, &c. 


Theſe Examples ( being well underſtood ) aze ſufficient to 
ſtrut the Learner, in all the Varieties that can happen in 
; WrIpLying of whole Numbers, according to the Method 
rerally practiſed: However it may not be amiſs to ſhew here 
DW o ee may be performed (with many Figures) by 
ddition only. >. | q 


1 a 
x 


FA oy Example. 
Let it be required to Mui 8 9654 into 79863. 
nx order 23 4 this 25 i AY Operation of this kind) 
oy Alldition only; you muſt make a Tariffa or ſmall Table of 
the given Aultiplicand, in this manner: 

Firſt, Make a ſmall Column, and in it place gradually down- 
ward the Nine ſingle Figures ; viz. 1, 2, 3, 4, 5, Ce. | 


Da Then 


— —  — — —— — — — 5x | 
b 7 e - - — WF. © _ ER a 7 — — . 


20 Arithmetien. Parti 
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Then againſt the Figure xr, ſet down the Multiplicanl 
(which in this Example is 89s 54) and againſt the Fignre S 
jet down the double of the Afultiplicand, found by Addin 


+ 
* 
. 
4 
3 


it to its ſelf 5 To this double Add the Halti plicand, ſettig i 
down their m againſt the Figure 3. And | \.. 
ſo proceed on by a continued Addition until [ 11 87965 
there be Ten times the Aſultiplicand in the 2 17593000 
Table, which if the Work is true, will be the 31263896 
Multiplicand it ſelf with a Cypher to the 43518606 
Right-hand of it (as in the Annexed Table) 5 143982708 

this being done, it will be eafie to conceive, 6 | 5277924 
that the Figures in the ſmall Column of the a 


7161 mn 
Table, do reſpectively repreſent thoſe of the g\ 103724 7 
Multiplier; And — the Numbers againſt 97916886 . 
any of thoſe Figures in the ſmall Column, will 10] $7965 - 
be the true Product of the Multiplicand . — 


agreeing to any Figure of the Multiplter; ag plainly appears br | 


the Work of this ERxampie, b 
Then : ©; =PIO8IG: Frbe Factors as before. 
rss 7 79863 i a * 


Againſt 3, in the Table is 2038962 28796 54& + 

Againſt d, is 5277924 =879654X60 
Againſt 8, is 7031232 S896 548 
Againſt 9, is 7916886 —879654X9000 
Againſt 7, is -  $157578, , =879654X70000 


WM al oy 


gaſie and certain; being neither ſubject to Errors, nor burthen- ll 
{ome to the Memory, and therefore in large Calculations it may 
be ſound very uſeful. But for common Practice the uſeful WM 
Method (as in Page 18, Ec.) is beſt, and to be preferr'd beſo 
F118. F = 
Moſt 3/-ers that teach (and ſeveral Authors that write of) 
Arirh22tick, do teach to prove the Truth of. Mu!tiplicarion, by 
Faiting away all the Niucs that are contain'd in both the Fatfors, il 
-and their Preduct; but becauſe that Method is very erroneous, 
a5 might be eaſily ſhew'd; I ſhall therefore omit inſerting it, 
and icave the Proof of AMultilication to the next Section, . 
wherein 4 the Reaſon and Proof, both of it, and W 
Diviſion, will plainly appear, 2 os 
eng 6c. 


3 e „ 


Seck. 5, Of Diviſion. | 
4 diviſion 1 Rule by which one Number may be ſpeedily 


oy 


NE 


oy q 


Jud ſeratted from another, ſo many times as it is contained 
MF ther in, a 
ist is, It ſpeedily diſcovers how often one Nainber is 
at- ed (or may be tound) in another: And to perform that 
1 ere are required Two Numbers to be given. | 
00 1. The one of . them is, that Number which is propoſed ta be 
Doi, and is called the Dividend. . 
2. lle other is that Number by which the ſaid Dividend is to 
: rad, and is called the ODiviſoar. e112 96 
end by comparing - theſe Two, viz. the Dividend and the 


* 
8 . 


„ % together, there will ariſe a Third Number, called the 
ent; which ſhews how often the Diviſor is contained in 
Tc Zvi, or into what Number of Equal Parts the Dividend 
chen divided. Therefore, hy” : 
== Diviſion ;s by Euclid jrly termꝰ'd the Meaſuring of one Number 
another, viz. one Number is {aid to Meaſure another by that 
iunber, which when it Mulripiics, or is Multiplied by it, it 
roduceth. Euclid. 7, Def. 23. VE SST 
Ai, if a Number meaſuring another, Multiply, that Number 
= which it Meaſureth, or be Multiplied by it, it produceth the 
Number wh: it meaſureth. Euclid. . Axiom 9g. 
8 That is to fay, If that Number which Divides another, (called 
e Di ſor) be Multiplied with the Number which is produced 
85 D:vi/iorn (called the Quotient) their Predutt will. be the 
amber Divided or Dividend. Whence it follows, that Diviſſon 
ad Miltitlication are the Converſe. and Direct. Contrary one to 
other (as Sub/irattion is to Addition) and do mutually prove 
ee Truth of each others Operations. 1 

I ſhall therefore; make choice of the foregoing Examples in 
Tutiplication, in order (as I preſume) to render the Buſineſs 
8 viſion: more plain and eaſie. 

“Firſt, Let it be required to find how often 6 is contained in 24. 
Denne oo > 5.5 
N. Always place down the given Numbers in this order; 
irſt ſet down the Divi ſor, and to the Right-hand of it draw 
== crooked Line; then {et down the Dividend, and to the Dit 

the 
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ef it draw another crooked Line, in which muſt be placed 
Quotient Figure, or Figures aß they become found. N 


en 
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- Afnltiplication, vis. at the Firſt Figure to the Left-hand, or I 


Arithmetick, 2 Part 1. 4 

Dividend | 3 "= 

Thus, Diviſor 6) 24 (4 the Quotient. x 
Here I conſider how many times 6 there is in 24, and find 42 


it 4, vis. 4 times 6 is 24, therefore 4 is the true Quotient ot 
Au ſtrer required. | - = 


; Wo 
2 2 

This is apparent by Subſtraftion, * S | I G 
as in the Margin, where 24 the = 
Dividend being ſet down, and from 5 8 «| 
ie. 6, '"6- iviſor is continually = © |=] 
Suòſtracted ſo often as it can be, N N. 12 
which is juſt 4 times. Therefore 4 . F | 316 
is the true Quotient or Anfeer = 8 6 
required. 8 4\ 6 
0 


Corollary. 


continually S:bſtrafted from the Dividend, accounting an Unit 
(or 1) for each time it is Subſtraftee (as above) the Sum of thoſe 


. . d | 
Units will be the Quotient. Wi 


0 


All Operations in Diviſion da begin contrary to thoſe of 1 


Af 


£4 
= 
"= 
G 
— 
3 


that of the higheſt Value, and Decreaſe the Dividend by a 
repeated Subſtraction of each Produtt arifing from the Diviſor 


- 


me 


when Aultiplied into the Quotient Figure. And the only 2 
difficulty in Diviſion of whole Numbers (or indeed of any i 
Numbers) lies in making choice of ſuch a Quotient Figure, as is 
neither Too big, nor Too little; and that may be eaſily obtained 
by obſerving the following Rule, which hath two Caſes © 


1 


* 
> 
> 
* 
. 

= 


Rule. | "0 
* 1 1 
L 


Caſe x. As often as the Firſt Figure of the Diviſor is taken i 
from the Firſt Figure of the Dividend: So often muſt the Second 
Figure f rhe Diviſor be taken from the Second Figure of the 
Dividend, when it's joyned with what Remains of the Firſt. 


> 


Aud as often muſt the Third Figure of the Diviſor be talen from i 


5 
+ 
 - 
1 
1 
\ © 
* 
CY 


the Third Figure of the Dividend, Cc. =, 
But if the Firſt Figure of the Diviſor cannot be taken from 
the Firſt Figure of the Dividend, Ihen, 4 1 
| Caſo 


Or Diviſlon. 23 


— — 


hap. 2. 


» 


= Caſe 2. So often as the Firſt Figure of the Diviſor, is taken 
om the Taro Firſt Figures of the Dividend, ſo often muſt the 
$6ec01:4 Figure of the Diviſor be taken from the Third Figure of 
e Dividend, when it's joyned with what Remain'd of the 
* ccond: And ſo often muſt the Third Figure of the Diviſor be 
We ken from the Fourth Figure of the Dividend, &c. 

That is, the Quotient Figure mult be ſuch, as being Multi pliea 
Fatto the Divi ſor; will Produce a Product Equal to ſuch a part 
f the Dividend as is then taken for that Operation: But if ſuch 
Product cannot bè exactly found, then the next leſs muſt he 
anxken, and ordered, as in the following Examples: of which let 
hat in Page 16 be the firſt, wherein there was given 8569 the 


NY 


luiriplicand, and 8 the Mulripher. To find the Product 685 52, 
Pet us here ſuppoſe the faid Product 68552, and 8 the 
1 Multiplier, both given; thence to find the Multiplicand. That 


, Let it be required to Divide 685 52 by 8. 


Dividend : 
Diviſor 8) 68552 (Quotient when found. 


T, 7 7 be 
x According to the Ryle, Caſe 1. I compare 8 the Diviſor with 


s the Firſt Figure of the Dividend, and finding I cannot take it 

rom that; 1 then conſider (by Caſe 2.) how often 8 can be 
aken from 68, the Iwo firſt Figures of the Dividend, and find 
t may be taken 8 times; for 8 times 8; is 64, being the greateſt 

P'eroauct of 8 (into any Figure) that can be taken from 68. I 
r therefore place 8 in the Quotient, and with it Multiply 8 the 
iviſer, ſetting down their Product underneath the ſaid Two 
ira Figures of the Dividend, Subſtrafing it from them, and 
then the Work will ſtand | | 


1 

3 

* 

> 

* 
"= 


Thus 8) 68552 (8 
| 64 


4 £0 : 
WE 


a In order to a Second Operation, I make a Point under the next 
; hs gure of the Dividend, viz. under the 5, and bri ng it down 

1 underneath its own place to the Remainder 4, which will by 
1 that means become 45. Then I conſider how-many times 8 can 
G 


de taken from 45, and find it may be 5 times; for 5 times 8 is 
= 40, J theretore lace 5 in the SCuotient, and with it Multiply 
8 the Divi ſor, ſetting down and Subſtracting their Produtt, as 


1 4 before, 'Then the Work will ſtand 


E . 
* 
. 
* 
1 
a > 
gd 
- 
* 
* 


Thu; 


- Arithmettct:. 
Thus 8) 68552 (85 

a 64 « Song! 

un 45 

| 40 


——— 


* 


5 
For a Third Operation, 1 wala a Point mier the non! 3 
 Fignre of the Dividend, viz. under the 5, and bring it donn 


as before, " one in all reſpects, as before; and then thei 


Work will ſtand 
7 09; Thus 80) 68552 (856 . 
— * v 64 ö en Wy | 
of8$5a5% ri, dn 1 
55 
48 


— — 


* 


t nl bring . the 2, vis. call laſt Fiew + 
to the 2 7, which will then besen 


[Lay n 
of the 11 pi 


725, and proceedi 3 as in the other Operations, I find that 8 the 
Diviſor can be nine times from Le and the Work 5 
finiſhed, and will 1 


Thus 8) 68552 (8569 
64*** 1 
40 2 


o/ 

The True Quotient is found to be 8569, being eraclly e 
Eighth part of 68552, or the Mulriplicand of the — 
Example of Multiplication. As was required. 

The Reaſon of the Operations will be very plain to any one | 
that will a little confider of it as follows, F 

Divi or 3 


"s _ 
a0 


4 
Bu 
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Of Diviſion. 
4 diviſor 8) 6 8 5 5 2 8000; The Firlt Quotient or Figure. 
1 | ** r a bu #4.” 2 | « yn > 
4 LE, This Product of the Diviſor into the 
4 Quotient is 64000. vis. 8 times 8000. the 
Wir [51410010 Onotient Figure being always of the ſame 


q Palue or Degree with that Figure under 
3 | which the Unit's place of itsProdutt ſtands 


ti . . ran ee e er e ee 
%! 8) 455 (500. The Second Ototieut Figure. 

17 lol And here the Product is 4000: vis. 8 
tra 4 times 500. not 8 times 5, Oc. : 
1 — — —— 
©:viſor 8) |5|5]2 (60. The Third Quotient Figure. 
2» ibſtr 465 480? Alſo here the Product is 480. viz. 8 
X times 6d. for the Reaſons aboveſaid. 


; [> 5 wiſer 8) If 5 ( 9: The Fourth Quotient Figure. 


5 Now here the Product is but 72. vis. 
tract 7 * 9 times 8. becauſe the ꝗ ſtands in the place 
H | of Units: 


— 
— 


— — — ——___ 


Nemains (oo) Now the Sum of all the ſeveral Quotients, 
.. | | 
. 8000+ 500-560 +9=8569. as before. 


1 | a ' 1 1 . 

lf the Proceſs of this Example be well conſidered and compa- 
Ed with that of Multiplication, Page 17. it will evidently ap- 
er to be only the Converſe of that; for the particular Pro- 


acts are alike in both, only that which is Laſt there, is Firſt 
ere; there they are Aged, here they are Subſtratted. So that 
Fhocver underſtands the true Reaſon of the one; muſt needs 
gcderſtand the Reaſom of the other, and then Diviſion will be- 
E my very Eaſy, although the Diviſor conſiſt of ſeveral places. 
—_—_— rs. 


| Example. 
Let it be required to Di vide 590624922 by 7563. 
Sp Dividend 3 

Diviſor 5563) 590624922 ( 


Lis plain at fight, that v 56 z the Diviſor, cannot be taken 
am 5505. the like Number of Figures in the Dividend:  _ 
1 Therefore, by the Second Caſe of the Rule (Page 23.) there 
| ay be allowed Five Figures of the Dividend, vis. 59062 tor 
be Ei Operation or Quotient; that ſo the Firſt Figure ) of 
I he D:viſor may be taken out of the Two Firſt Figures, vis. 59 
f thc Dividend, &c, Ws 
F Then 
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and find the next Quotient Figure will be 8. with which I A 


1 


Arithmetick. Part 1 
Then I proceed ( per Caſe 2.) and conſider how often 75 may 
be taken from 59. and find it may be taken 8 times, for 
times 7 is but 56. which I mentally Syb/traft from 59. ani 
there Remains 3; to this 3 I mentally adjoyn the T hird Figum 
of the Dividend, vis. o. which makes it zo. out of which Wl 
mult take the Second Figure of the Diviſer, vis. 5. fo often aj 1 
I took the 7 from 59. which was 8 times. But that cannot bel 
for 8 times 5 is 40. which is more than 30. therefore $ is too bie 
a Figure to be placed in the Quoticut; Yet, hence I conclude 
that the next Leſs, viz. 5 may be taken without any furthei 
Try. 1 therefore place 7 in the Quotient, and with it Multiply 
the Diviſor, ſetting down their Prod under the B11 4% 
and Suòſiract it from thence, as in the other Example, and ches 


the Work will ſtand / * 
Thus 7563) 590624922 (7 1 


6121 | 3 
In order to a Second Operation, T make a Point under the next 
Figure of the Dividend, vis. under the 4. and bring it devi 
to the Remainder 6121. which will then become 61214. with 
which I proceed in all reſpects as I did before with the 59062 


py the Diviſer, &c. and Subſtraft their Product from the 
aid 61214, Then the Fork will ſtand = 


Thus 7563) 590624922 (78 
52941 


61214 
60504 
AN — Ae 


710 


To this Remainder 510. I point and bring down the neut 
Figure of the Dividend, vis. 9. which makes it Jrog ; nov 
becauſe the Diriſor 7563 cannot be taken from 7109. Ithere- 
fore place a Cypher in the Ouotieut. _—_— 

Aud this muſt ateays be carefully obſerved, viz. T hat foi 
every Figure o Cypher, 47: 1s brought down from the Divi 
dend, iu order to a new Operation, there muſt always be either 


4 Figure or Cypher, ſer doe in the Quotient. Then the Work i 
will ſtand J 


Thu i 


ap. 2. Of Diviſion. ""-. 


Thus 7563) 590624922 (780 | 4 
52941 . ©» 
61214 
60 504 | 
7 1 550 7109 
be To this 7109, I bring down another Figure of the Dividend, 
. 2, and then it will become 71092 ; then I confider how 
ten 7 can be taken from 7r, Ec. (Juſt as at the firſt Operation) 
her d find it may be taken 9 times, therefore I ſet down 9 in the 
ori ent, and with it Maltily the Diviſor, ſetting down and 
1 feracting their Product, as before; Then the Work will ſtand 
her 8 Bs | 
8 Thus 75563) 590624922 (7809 
1 52941 


K 


Thus 7563) 590624922 (78094 
5254 


2 


61214 
60 504 


71092 
68067 
30252 
302 52 


—— 


( 00000 ) 


Here the Work is ended, and I find the Quotient to be 18094, 
eing the true Multiplicaud of the propos d Example of Multi- 
co, Page 18. | 
„That is, 7563 is contained in 590624922, juſt 78094 
imes, c. 


E 2 - 


28 Arithmetick, Part 

If the Work of this Example be conſidered and compare 
with the Rule (Page 22.) the whole Buſineſs of Diviſion wil 
be caſy ; for indeed the only Difficulty (as I ſaid before) lies inf 
making choice of a True Quotient Figure, which cannot wel 
be done according to the Common Method of Diviſion, withou 


Trials, yet thoſe Trials need not be made with the whole Divi (fil 
(as appears by this laſt Example) for by the Two Firſt Figure 
of the Oiviſor all the reſt are generally regulated; except on 
Second Figure chance to be 2, 3, or 4, and at the ſame time the 
Third Figure be ), 8, or 9, then indeed reſpe& muſt be had ti 
the Third Figure, according as the Rle directs. WH 
However, if thoſe Trials are thought too troubleſome, they 

may be avoided, and the ſame Quotient Figures may both eaſiy 
and certainly be found by help of ſuch a ſmall Table made G 
the Divi ſor, as was of the Afultiplicand in Page 20. 1 


N 


N A. 
3 
14 = i 
BY 
1 4 


» 
Py oy 
- = 
+ 48 15 
© if . 
2x ; 
£ V 1 


Example 4. 4 

Let it be required to Divide 50251801402 by 79863. N 
e Example of AMultiptication, page 20, and as there directe 
make a Table of the Diviſer 79863, 2 


This Method of Tabulating the Diviſor may be of good Uſe 
to a Learner. ſpecially ing he is wall Y D b 
vea, and even then if the Diviſor be large, and a „ e of 
many Figures be required; as in Reſolving of high A 

nd Calculating of Zfronomical Tables, or thoſe of Intereſt, Ec. | 


Thus, 
Didi ſor. Dividend. 
1 79863) 70251807402 (879654. Quotient. 
2159726 63899 ** | Y 
31239589 6361990 The Work of this Operation 
41319452 559041 I preſume may be eafily under. 
Try Or ——_ ſtood. For thoſs Figures in the 
61459198 ere 4 Table are the Products of the 
75 5 f — Diviſor into all the 9 Figures; 
806 38904 522304 conſequently thoſe Figures in the 1 
9718767 479175 __ ſmall Column do ſhew what 
150798680 431260 Hgure is to be placed in the 
| 399315 Quotient; without any doubtful 
re Trials of the Divi ſor with the 
5.94)" Dividend, as beſor. 
E. I9452 9 2 9 
(000000) 5 


bn”. 
Þ 


practiſed in D:viſion ; 


quat ions, 


Hitherto| 
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itherto I have made choice of Examples wherein the Divi- 
is truly Meaſured or Divided off, by the Diviſor, without 
ing any Remainder, being thoſe as were compoſed of the 
Wor and Quotient. But it moſt uſually falls out, that the 
Wor will not exactly meaſure the Dividend ; in that caſe the 
mainder (after Diviſion is ended) mult be ſet over the D:v1ſor 
h a {mall Line betwixt them adjoyning to the Quotient. 
Example 5. 
Suppoſe it were required to Divide 379 by 5. 


4 the Remainder. 


5) 379 C155 the Diller 


þ 
hs. -- 
_— 
" A 
'FIY ä 
Ty 115 35 5 
_ 
ey 
} (es 2, — — 
* £ 4 
1X 
tb 7 
* bu ** 
nts 
£43 
= 


Remains (4) 
4% | Example 6. | 
Again, Let it be required to Divide 4.5789 by 67. 
1 67) 43789 (653+; the True Quotient required 
2 
3 — — 


358 

335 
239 
201 


Remains (53) 
Mlow ſuch Remainders thus placed over their Diviſors (which 


> indeed Vulgar Fraftions) may be otherwiſe managed, ſhall 
ſhew'd farther on. 


. B. When the Diviſor happens to be an Unz?, viz. r with 


| 
e Cypher or Cyphers annexed to it, As 10, 100, 10co, Ec. 


viſion is truly performed by cutting off with a Point or Comma, 
many Figures of the Dividend as there are Cyphers in the 
ew: ſor ; then are thoſe Figures ſo cut off to be accounted a 
$£/24:n:4cr, and the reſt of the Figures in the Dividend will be 


true Quotient required, becauſe an uit or 1 doth neither 
W--/:i2ly nor Divide, | SR 


e 4 W 
1 c — 4 
— „ 


ſe ] Example y. 
„ret it be required to Divide 57842 by 100. The Work 
ay ſtand thus, 100) 578,42 the Quotient Required, or 


us 100) 57842 ( 5787 the ſame as before. 
Hence it follows, that if any Diviſor have Cypbers to the 
WE sht-hand of it, you may cut off ſo many of the laſt Figures 


in 


— 


„— 


30 Arithmetick. 


in the Dividend, and Divide the other Figures of the Divider M 
by thoſe Figures of the Divi ſor that are left when the Cy 
are omitted. But when D:viſicaz is ended, thoſe Cyphers Þ 
omitted in the Divi ſor, and the Figures cut off in the Divide 
are both to be reſtored to their own places. 4 


Example 8. 
Suppoſe it were required to Divide 67 5459 by 5400, 


Parti , 


5400) 675469 (125 
VEE” on 


135 
108 


274 

2.70 WB 

Remains (4) But the True Remainder is 469. 
Conſequently the True Qnotient is 125,45? "= 


228 


As to the manner of proving the Truth of any Operation 
either in Multiplication or Diviſion, J preſume it may be eaſi Ny 
underſtood, by what is deliver'd in Page 21, compared witli 

the Three Firſt Examples of Diviſion ; For from thence it wii 


be eaſy to conceive, that if the Diviſor and Quotient 1 


* 


5 


Multiplied together, their Product (with what Remains aft 
ihn being added to that Product) will be equal to ta 
Dividend. As in the Fifth Example, wherein the Divideat 5 
379, the Diviſor is 5, the Quotient is 75, and the Remaind 
iS 4. | i 
I fay, 75X5=375, to which Add the Remainder 4, it will 
be 379. | —_— 
Again, in the Sixth Erample, the Dipiſor is 67, the Dnotien 1 

is 653, and the Remainder is 38. VB 
hi Then 653X57=43751, and 43751-+3S=43789 the Dividen!, 
C. 3 
T here are ſeveral uſeful Contractions, both in Diviſion and of 
Multiplication, wwh:ch { have purpoſely omitted until I come 10 
treat of Decimal Arithmetick. Alſo J have omitted the buſineſs 5 
ot Evolution or Extracting of Roots, until further on; and {0 
ſhall conclude this Chaprer with a few Examples of Diviſion 
unwrought at large, leaving them for the Learners Practice. 12 


—_ 
4 
* 


579) 43800771 (75649. 
Or 75649) 438290771 (579 


* 


* CO” 
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1 


45007): 23884044718 (530674. 
Or 530674) 23884044718 (450. 
356) 244572000 (657000. 
59600) 57659066400 (967434- 
10000) 679543820000 67954382, 
79) 282016 (356955 


HAP... N 


cerniug Addition an Subſtradion of Numbers of different 
enominations, amd how to Reduce them from one Deno- 
rination 70 another. | 
Fo SE I. Xo 

1. Of Engliſh Coin. 


HE leaſt piece of Money uſed in England is a Farthing, 
and from thence ariſeth the reſt, as in this Table. 


. | C 55. is a Crown. 


5 — d. Pen. | ; 1 ” #8 
41. Zen. | 10 5. is an Angel. l 

4 3 S = 1 2==1 #- $hill, And 6 F. 8 d. a Noble. | 

=: 40=20=1 J. Pound Sterling. 135. 4 d. a Mark. 


9 99 — — 

ee, When J. 5. d. 4. are I over (or to the Right- hand 
Numbers, they denote thoſe Numbers to figntty Poumds, Sbil- 

vos, Pence, and Farthings. | 


"ok . | 
u 35 10 Li Or 557. 105. 6 4. Either of theſe do 
iy 35 Founds, 10 ſpillings, 6 pence, 2 farthings. 
be fame mult be underſtood of all the following Characters, 
ens ges to their reſpective Tables, vis. Of Weights, Mea- 
es, &c. 


., = 
' 


- 
* 
774 


© \ 
. 
ol © —_—- 
- 


9 
=" 


2. Troy Weight. 


The Original of all Veights uſed in Eugland, was a Corn of 
eat gathered out of the Middle of the Ear, and being well 
dried, za of them were to make one Penny Weight, 20 Permy 
3 NM eigbi 


— Arithmetick. Pari 
Weight one Ounce, and 12 Ounces one Pound Troy. Vii 3 
Starntes of 51 Hen. 3. 31 Edw. 1. 12 Hen. 7. 7 

1 


But in latter Times it was thought ſufficient to Divide thi 
aforeſaid Penny Weight into 24 Equal Parts, called Grain 
being the leaſt J/eighr now in common Uſe; and from thenq 
the reſt are computed as in this Table. * 


By Troy Weight 
2 41 T. Penny Weight, Not Fa ed Ferwels, Gol 
$60= 10. IF b 65 Silver, Corn, Brea 
[7 560=240=12=1 Ib Pound. and all Liquors. 7 


— — 


, Is 9 


Gr. Gra. 


1 


98 e 


Beſides the common Diviſions of Trey Weight, I find 
Angliæ Notitia, or, Ihe Preſent State of England, Printed il 
the Year 1699, that the Moneyers (as that Author calls then 8 
do Subdivide the Grain 1 


55 


v2 
Js 
4 
: 


528 Blanks — I Periot. 

20 Periots = 1 Droite. 

ns” 24 Droites = 1 Mite. = 
20 Mires = 1 Grain, &c. as before, 


3. Apothecaries Weights. 


- "ay Atotbecaries Divide a Pound Tray, as in this Table: 
Gr. Grain. 


20 18 Scrnple 
60= 3= 13 Dram 
| 480= 24= 8=1 Z Ounce 


570 e 288296 =I 2 = 11 I Z ray, the ſame as beſore. 1 


N 5 


By theſc Veights the Apothecaries Compound their Medicine 
but Buy and Sell their Drugs by Averaupors Weight. = 


4. Averdupois Weight. 


When Averdupois Weight became ſirſt in Uſe, or by what Lau 
it was firſt ſettled, I cannot find out in the Statute Hooks; but o 
the contrary I find that there ſhould be but one J/eight (and on 
Meaſure) uſed throughout this Realm, vis. that of Troy, (Vii 
14 Ed. 3. and 17 Ed. z.) So that it ſeems (zo me) to be fil 
introduced by Chance, and ſettled by Cuſtom, vis. from giving 
good or large Meight to thoſe Commodities as are uſually weighed 
by it, which are ſuck as are either very Coarſe and roll, ol 
ver/ 


— — 


ap. 3. Of weights, Meaſures, & — 33 


„ ſubject to waſte : As, all kind of Grocery Wares. And 

, Tar, Roſin, Wax, Tallow, Flax, Hemp, &c. Copper, Tin, 
cc, Iron, Lead, &c. Alſo Fleſh, Butter, Cheeſe, Salt, &c. To 
Wc: and the like (I preſume) it was thought convenient to 
ow a greater Werght Ch what the Laws had provided, which 
ppen'd to be about a Sixth part more: For I found by a very 
e Experiment, that one Pound Averdupois is Equal to 14 
nces, 11 Penny Weight, and 15% Grains Troy. And it is 
computed as in the following Table. 


1 Drams tb 

1 16=1 n 14=4 Stone; 
43 | 2562 I6=T I Pownds. | And 2824 of C. 
66722 1792= 112=1 © Hordred. 56=5 of C. 
IS 3440=35840=2242=20=1 Fun. 84=}. of C. 
TT” TOTS — 

1 5. Long Meaſure: 


s the leaſt Part of J/eight came at firſt from a Wheat Corn, 
lies generally ſaid) the leaſt Part of Long Meaſure was at 
4 Fi ſt a Barly Corn, taken out of the Middle of the Ear, and 

Ing well dried Three of them in length were to make one 
7; and thence the reſt, as in this Table. 


e 4 Nails of a Tard. 

5 321. Inches And d Tard =I Ell. 

_ I = 22 Tard Fathom, 
1 108 362 321 Y. Yards * 

; 594 198 1642 5 — P. Pole e 

376 79 = 660= 220= 40=1 Furlone 

3 d00B0=63360=5280=1 760=320=8=1 Mile. 


eee, That Forty Poles (or Perches) in Length, and Four in 

ach do make a Statute Acre of Lana. | a 

bat is, 220 Yards, Alulti plied into 22 Yards=4840 Square 
are a Statute Acre. 


Fs nd according to the Tranſactions of the French Academy, 
_ 1687, a Paris Foot Royal is=12,8 Inches Engliſh ; Six 
| f thoſe Feet make a Toiſe; and 55960 Toiſe=365184 Engliſh 
n o are the Meaſure of one Negree of a great Circle upon the 
race of the Earth. So that one Degree is 69 Miles and 288 

,, which is very near to our Country-man Mr. Norævood's 
xperiment made betwixt London and York, Anno 1635; who 
und that 367196 Frets 9 Mites, and 958 Taras do make a 

F 


Degree. 


* 
” 
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Degree. And not 65 Miles, according to the common received 
Opinion and Practice of the Navigators and Samen. 1 
Hence, accord ing to the French Account, the Circumference 
of the Lorch (ſuppoſing it to be a true Spherical Figure) u 
24899 ERNMliſo Mites. f 


6. Of Liquid Meaſures. 


All Meaſures of Capacity, both Liquid and Dry, were at fir ; 
made from Troy eig "t, Vide Statutes 9 H. z. 51 H. z. 12 H. 
&c. wherein it is Enacted, that Fight Pod Troy Weight d 
Wheat, gathered out of the Middle of the Ear, and well Dried 
ſhould make one Gallon of Wine Meaſure : And that there ſhouldg 3 


Pp EI — 


* 
4 
« 
. 


* 
% . 


ſuppoſed to contain 2 31 Cubick ſaches, and from thence the reſt by 
arc compured, as in this Table. 1 


Gallons. J 

— — Wes a 15=1 Rundlet, ard 
231=1 — Notre, 315 makes a Wine oi 
97028 422 Vinegar Barrel. 


14553= 63=15=1 Exe (Tide 1 R. 3.) 
[9404= 8422 5 
8 —2 =1,=1 Butt or Pipe 


* 


5821222526 24 =3 =2=1 Tum. _* 
—— 2 — — "8 


But Dr. bard in his Tectometry, Page 289, doth ſuppoſe a 
the }/7722 Gallon to contain but 224, or 225 Cubick Inches «8 
the molt, and purſuant to this Account an Experiment was made 
by Mr. Richard Walker and Mr. Philip Sales, two General 
Officers in the Exciſt. They cauſed a Veſſel to be very exact 
made of Praſs, in Form of a Parallelopi pedon, each fide of ii 


Baie was 4 1aches, and its Depth 14 ſuches ; ſo that its juſt Con Wl 
tent was 224 Cubicł Inches. This Veſſel was produced at Gui/s Wi 
Hall in London ( May 25. 1688.) before the Lord-Maycr, thei 
Commſſuuers of Exciſe, the Reverend Mr. Flamſtcad Aſtr. ne Y 


2 
1 


a5 
i, 
4 


* 


35 
fr. Halley, and ſeveral other Tnoenious Gentlemen, in whoſo 
Preſence Me. ales did exactly 611 the foreſaid Brazen Veſlel 

ich clear Water, and very carefully emptied it into the old 
; Standard Vine Gallon kept in Gu,ν8 Hcl, which did ſo exactly 

Il it, that all then preſent were fully ſatisfied the Wine Gallom 
och contain but 224 Chick Inches. [This notable Experiment 
/o ried.) However, for ſeveral Reaſons, it was at that time 
hought convenient to continue the mer ſuppoſed Content of 
1 Cubick Inches to be the Wine Galhn, and that all Computa- 
ions in Gar'ging ſhould be made from tence, as avyye. 

The Beer or Ate Gallon (wiiict are both one) is much larger 
han the Mine Gallon, it being (as I preſume) made at firſt to 
rreſpond with Averdrpors Weight, as the Wine Galion did vith 
= oy Weight : Por (as 1 faid before Page 33.) one Pound 
reranpois is Equal to 14 Ounces 12 Penny Weight Troy, very 
ear. 
And, as one Pound Troy is in proportion to the Cubick Inches 
na Vine Gallon, fo is one Pound Averdupers to the Cubick 
ces in an Ale Gallon. That is, 12: 231 :: 1455: 2814, very 
ear the Cubick Iuches contained in an Ale Gallon, as appears 
om an Experiment made by one Nicholas Gunton, General 
auger in the Exciſe, about 44 Years ago, who by ſuch a Veſſel 
entioned before in the laſt Page, did find the Standard Ale- 
art (kept in the Exchequer, Vid. 12 Car. 2.) to contain juſt 
c Cubick Iuches, conſequently the Ale-Gallo;: mult contain 282 
ck Inches, and from thence the following Tables are computed. 


hap. 9. Of weights, Meaſures, &c. 


1 Ale-Nleaſure. 
Cubic k Inches 
282>=r Gillen A Firkin of Soap and of 
2256= T=x Firs Note, Herrings are the ſame 
4512=16=2<=1 Klderkin Erith that of Ale, 


902425u3Z2=4=2=1I Bu rel. 


= = 3 
. 13 1 — Hog ſbead. 


m— CIT CEII—_ 


Beer-AMeaſure, 
Cub. Inches | 


i | 2821 Gallon 
E'1 2538= — Fr kin | 
5076=18=2==1 Kilderkin 
[tor 522236=4==2221 Barre! 
# — Heg ſhcad. 


— — ä — 


F 2 N. B. 
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N. B. This Diſtinction or Difference betwixt Ae and Heer 
Meaſure, is now only uſed in London. But in all other Place 
of Ergland the following Table of Beer or Ale, whether it Will 
ſtrong or ſmall, is to be obſerved, according to a Statute x 
Exciſe made in the Year 1689. þ 


* 


Cu. I ches 5 
28221 Gallon W 
239 J=8=1 Firkn 1 


4794=1IJ=2=1 Kilderkin 
| 9586=34=4=2=1 Borel 
14382=51=6=3=13=1 Hg. bead. 


1 


— 
2 


— — ͤſ — 


7. Of Dry Meaſure. 6. - 


Dry Meafure. is different both from Wine and Ale Meaſuril 1 


F 


being as it were a Mean betwixt both, tho' not exactly ſo ; hic 
upon Examination I find to be in proportion to the aforeſaid 
old Standard Wine Gallon, as Averdupois Weight is to Trof 
Weight; That is, as one Pound Troy is to one Pound Aver dini 
ſo is the Cubic Inches contained in the old Vine Gallon: To th 
C11bick Inches contained in the Dry or Corn Gallon. 

Vis. 12: 1455: : 224 : 2725, which is very near to 272 
the common reccived Content of a Corn Gallen, altho' now it 
otherwile ſettled by an Act of Parliament made in April 1690 1 
the Words of that Act arc theſe: | | ' 

Every Round Buſhel wich a lain and even Bottom, bein 
made Eighteen Inches and a half wide throughout, and Fig 
Inches Deep, ſpould be efteem'd a Legal Wincheſter Buſhe'l 
accorang to the Standard in his Majeſty's Exchequer. 1 

Now a Veſſel being thus made will contain 21 50, 42 Cubic 


3 


Tacſhes, conſequently the Corn Gallo: doth contain but 255 
Cuvical Inches. 22 
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. 4 Buſpels=a Comb. 
| 268,8—1 Gallon Note, 10 £uarters=a Mey, 250 J 
$57,6= 2=1 Peck, 12 Ney Sa Laſt of Corn. 

21504 Bu mr Boi 1 
I 20 , 2 A == === Quarter. 2 


I obſerv'd amongſt the Lead-Mines in Derbyſpire, ( Ann 
1692) that the Niners bought and fold their Lead Ore, by 
Meaſure which they call'd an Ore Diſh ; whoſe Dimenſions 
carefully took and found them 35A 
8 72 Length 21. 3 
Thus] Breadth 6 b Tic hes. ; 
> Deus $43 


Conſe- 

1 ia 
. >. 
* 


b 
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Conſequently its Content is 1073,52 Cubic Inches, which is 
y near Equal to 4 Corn Gallons, according to the above- 
ntioned Settlement. 

Nine of thoſe Diſhes they call a Load of Ore, which if it 
pretty good, will produce about 3 hundred Weight of Lead, 
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j. 


CE. 
d "I 
. Ut 
7 
70 „, WH 


8. Of Time, 


0] 
oo 
o 
* 
- 


ic is not an caſy Thing to give a true Definition of Time; for 
cording to the Philoſophick Poet ) 


Time of ir ſelf is nothing, but from T honght 
0 Receives its Riſe, by labouring Fancy wrought 


n From T hings conſider d, whilſt wwe 1hink on ſome 
ich 4s preſent, ſome as paſt, or yet to come. 
aid No T honght can think on Time, that's ſtill conſeſt, 


9 * But thinks on T hings in Motion or at Reſt. 
999 And ſo on, Vide Tucretius, Book I. 


1" That is, Zime only ſhews the Duration or Mutation of Things, 
car being the Standard or Integer, by which ſuch Continuance 
Change is computed. And a Har is that Space of Time in 
1 Pich the S% (apparently) compleats its Revolation from any 
e Point in the Ecliptick (an imaginary Circle in the Heavens) 
the ſame Point again, which according to Modern Obſervations 
= pertorm'd in 365 Days, 5 Hours, 48 Minutes, 57 Seconds, 
birds, &c. But a Second being the leaſt part of Time that 
be truly Meaſured by the Motion of any Mechanical Engine, 
a Cock, &c. (a Third being leſs than the Twinkling of an 


—_—_ 
n 


bo | ve) 1 begin the following Table with Secods. 


Seconds * 


I r 
1nd 2 GO = 1 Minute 
„ 360022 Gomir * Hur 


— LIE 


1. 86400= I 440= 24=I Do CY 1 | 


But the common Year, uſually call'd the %u Tear, doth 
nſiſt of 365 Days and 6 Hours, and is divided into twelve 
nequal Months, called Calendar Months, whoſe Names and 


unter of Days are the Subject of every Almanack. 
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Arithmetick. pa 
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1 


To theſe Tables it may not be amiſs to give a brief Acco 1 
of ſuch Coins, Weights, and Meaſures as are fee uently mention 

in the Scriptures. As I have deduc'd them from thoſe whil 
ſeem to be the moſt Correct, inſerted in the Inder to the lar 
Bible, Printed Anno 1702, and compared with thoſe uſed 
England, by the Lord Biſhop of Percrbororgh. 


3 


The Hebrew Weights, compared with} 0 bs Tag 14 3 


A Gerah= O 
10 Gerahs ga Bekah=| o. 4. 
2 Bekabs=a Shekel O 
100 SHekels ga Menab=| 45 . 12 . 12 
Note, A Shekel is ſaid to be their Original Meight. 


17 1 Engliſh Coin, 

Their Coin 1 8 

A Silver Menah=| 7. 1, 5s Weight go Shekels. Y 
Talent of Silver 357 . 11 . 104 Weight is 300 Shekels, k 

Talent of Gold = | 5c15 . 15 . 54 The ſame Weight me 

The Gold Dram I. ©. 4 tionedin EZ. ii. 19, 


The Roman Money mentioned in the New Teſtament, 


A Denarins, or Silver Penny) d. 3 Farthings. 
As of Copper So. 3 Farthings. 
Auarium . 13 Farthing. 

aarans=o . ; of a Far:hing. 

A Mite=o . + I of a Farthing, 


Their Long Meaſures, compared with — 4 


A Finger's Breadth=\| ©. ©. . of 
4 Fingers=a Hand's Breaath= o. 0. 38 
N 2 33 leaſt Span. o. 2 
s Hands Bread h the longeſt Span. 0. 
2 Spans=the longeſt Cubit= o. 
4 Cubits=a Fathom= 
6 Cubits= Ezekiel's Reed= 5 
400 Cubits=a Stadium | 243. 
10 Stadiums c Mile=\ 2432. 
3 Miles ea Paraſang= | 71296. 
Which is 4 Engliſs Miles and | 256. 


P 
0 0 02 2 2 0 0 


i lt. — 


A ap. 3. Addition of weights, &c. i 29 


ou | . . ö ich . 
m= 2 Meaſures of Capacity, compared with L Gal. Pints Inch. 


b A Cotyla= | © . oh 3,037 

ar ; | A Log= 10 Or 9.83 

d 4 Logs=aCab= | oO. 3 . 10,45 
io Cotyla San Omer=| 0.6. 1,5 

„ 3 Cabs=a Hin- 1.2. 2,5 

ws ; 2 Hins ga Seah=] 2.4. 5, 

"ij 3 Seahs gan Epha= E 

4 75 + 5 36.625 


10 Efha's=a Chomer= 


7 
1 Sect. 2. Addition of Weights, &c. 

Ie foregoing Tables __ ſo well underſtood, as that you 
W readily tell (without pauſing) how many Unirs of any one 
F-01147 i0n, do make one of the next Superior Denomimation 
ccially in thoſe Tables as are moſt uſeful for your Buſineſs) 
in chen be as caſy to Aua, or Subſtract them, as to Add, or 
[tr aft whole Numbers, due care being taken in placing all 
lers that are of one Denomination exactly underneath each 
er. That is to ſay, in Money place Pounds under Pounds, 
Si lings under Shillings, Pence under Pence, &c. Underſtand 
like in VHeigbts and Meaſures, &c. according to their ſeveral 
F--0/-1124710725 : Then in Aadition obſerve this Rule. 

- Rule. 
ys bœin with thoſe Figures of the Loweſt or Leaft 
omination, and Add them all together into one Sum, then 
er hoe many of rhe next Superior Denomination are con- 
ein that Sum, ſo many Units you muſt carry to the ſaid 
= Supcrior Denomination to be Added together with rhoſe 
ures hat ſtand there; and if any thing Remain over or 
ee '-oſe Units ſo carried, that Overplus muſt be ſet down 


71241} its 0202 Denomination : And ſo Proceed on from one 
% omination r another until all be finiſhed 

7 25 bh 

_ Example iu Coin. 

Net it be required to dd 357. 14 5. 06 d. and 27 l. 02 6 


„(. and 54 J. 13 5. 044. and 10 J. 17 .. 094. into one Sum. 

Ulbe particular Sÿ ]. being placed, as before directed, will 

"= nd as in the Margin following. 

, E Then according to the e, I begin with the Pence (being 
re the loweſt or lea(t Dec nation ) and Adding them all 


Wether, I find their % to be 29 d. that is 2 f. and 5 4. (ir 
24 
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24 d. s, and 29=24—5) the 54. I ſet down J. 
underneath its own Denomination, and carry the 35 
2 5, to the Place of Shil/ings, Adding them and 27. 
all the Shillings together, I find the Sum to be 54 . 
48 5. vis. 2 J. 8s. I ſer down the 8 5. under- 10. 
neath its own place of Sh1//imgs, and carry the 
2 /. to the Place of Pounds, Atding them and all 128 . 
the Peumds together, I find their S is 128 J. 
conſequently the Zoral $272 required is 128 J. o8 5. os A. 
Tou, for as much as it often happens in keeping Books ol 
Accompts, (and in other Buſineſs) that it is required to Add wh 
large Sus of Money, conſiſting of zo, 40, or more fever 8 
articular $7725, nay, perhaps filling up the whole Length of a 
beer ot Paper, I humbly conceive in thoſe Caſes the beſt an 
eaſieſt way will be to part them into Parcels, not exceedin abou 
10 or 12 particular Ss in each Parcel; that done, Add toge 
ther all the $7775 of thoſe Parcels into one Sum, and that will H 
the Total Sum required. "wo 
Alſo to avoid the making of Points, or other Marks among 
Jour Figures, it will be convenient to get the following Tables H 
e | | 


art. Jo 
The Pence Table. | | The Shillings Table. F 
"Ag 4. . J 1 
I2=TI 7 2081 I20= 6 
2.4==2 84= 7 4o==2 140 75 
36 3 99 838 60=3 160= 8 
48=4. 108= 9g | 80=4 180= 9 
60=5 120=10 | 10085 20010 


| : ; | 9 2 
The Uſe of theſe Zalles is fo obvious, that I preſume "Wl 
needleſs to explain them. = 


SC. 
—< 
2 N 


Zramfle iu Addition of Weights, 2 

Foy Weight.- Averdupois Weight: © 

th Oz. Pap. Gr . Tun. C. 2. th O. 1 
3. 09. Co. 10 12. 15 .q .U“ . 24 . 12 
. 7 . 10. 3 11 » If 
10. 10. 12. 22 S „ ine 
in 3% 1. 19. 3.2715 
Sama i. 4. Og » 04 Sum 23. 05 0 « 05 « 05 


| Ab el. Att 


2 * — . Xa — 1 8 
ap. 3. Subſtraction of weights. &c. 41 


4 Examples in Addition of Long-Medſitre. | 
„. Nails Miles Fur: Poles Yards Feet Inch: 
\ | , ; 6 2 1 3 T . 6 . 32 . 4 . 2 . | 9 

E 
* F VVV 
FEES + 9h EM AM 
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VVV © 


think it needleſs to ſet down more Examples of this kind; 
if theſe 5 (eſpecially the laſt) be well underſtood, they will 
uficicnt to ſhew how any other may be performed. 


«> WE 4 — 
| Set. 3: Subſtraaion of Weights; &e. , 
eraction is but the Converſe of the precedent Work, and 
be performed by obſerving this Raule. | 
* 33 Rule. | | s 
ein ich the Loweſt or Leaſt Denomination (as before in 
dition) and Take or Subſtract the Figure (or Figures) in that 
e of the Subtrahend, from the Figure (or Figures) that 
over them of the ſame Denomination ; ſetting down the 
Wnainder (as in Page 12:) But if that cannot be done, then 
auſt increaſe the upper Figure (or Figures) <with one of the 
Superior Denomination, and from that Sum make Sub- 
ion; aud ſo proceed to the next Superior Denomination, 
ee yon muſi pay the one borrowed, by adding Unity to the 
trahend i that place, &c. as in whole Numbers. 


Examples in Coin. 


. J. F. A. | J | J. 

From 386 . 09 . 08 From 569 . 10. 06 

a Take 173. 04 . 06 Subſt: 389 . 15 . 08 
—_—__ rs 213. O5 .'OzZ | 2 I 5 10 


he Firſt of theſe Exæmples is ſelf-evident. In the Se ond 
x Piple, beginning at the place of Perce (being here the Leaſt 
_ i) I am to take 87. from 6 d. but becauſe that 
2 ot bo done, I muſt according to the Re) borrow ond oft 
"cx: Denomination, viz. 1 5. and Add it to the 6 d. which 
cs it 18 4. (for 1 f. = 12 fl. and 124. T A 18 d. then 1 
84 from that 18 4. and there Remains 10 d. to be ſet 
30 underneath the place of Perce ; that done, I proceed to 
place of Shillings, where 1 fuſt now pay the I ß. ſaying 
> borrowed; and 15 makes 16 from 10 cannot be, bar 

J 16 
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Part Mm 
Rn TAEIENY 2 
16 from zo and there Remains 14. That is, I borrow one of if 
next Denomination, viz. 11. and Add to it the 10 f. whi „ 
makes it 30 f. (for 1/.=20s. and 20+10=30) having ſet doi 
the Remaining 14 5. underneath its own place of Sh1/livg;, WM 
proceed to the place of Pornds, where paying the x J. borrow 
it will be 1 borrowed ard 9 ts 10 from 9 cannot be, but 10 fr 
19 and there Remains 9, and ſo on as in whole Numbers until 
be finiſhed'; And the Remainder will be 1797. 145. 10 4. 

This Example being a little conſidered will render all oth 
in this Rule eaſy. = 


Examples in Weights. 


Troy Weight Averdupois Weight 
0B. peer. 87. : "i qr. 15 02. 
From 9 10 16 18 „„ 
Take 3 . 09 18 22 14 3 14 


Reſts 2 +2 . 24 . 14, Wil 
Examples in Long Meaſure. 7 

ads gqrs. nails miles fur. pol. yas. fect mit "2 
From 78 2 3 3 8 3 . 26 A 3 "no Ow . 


W 192942 " Wi 
Refts 48 


&:-: 00» Ly" ...20 


—_— — — 


> 


5 | 3. 4. 36.4.0 . 10 
= 
Example in Time. 4 
days » 5 M 
Fram 7 18 12 
Sulbſtract 16. 21. 46 . 36 


Remains 10. 20. 48. 45 


The Proof of Addition and Subſtrafion in theſe Numbers 
different Denominations, is the very ſame with that of who 
Numbers in Page 13. I ſhall therefore refer you to that plac 
and omit repeating it here. 1 
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Set. 4. Of Redugton- 


By Reduction, Numbers of different Denominations u 
brought into one Denomination. 21 —_ 
That is, it alters or changes any Superior Denominatios pi 


ol 


poſed, into any Inferior or Leſſer Denomingtion Rega 
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as Of Reduction, 43 
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1 keeping them Equivalent in value. And by that means they 
big ome fitly prepared for Multiplication and Diviſion; which 


lon crwiſc could not ſo conveniently be performed. Therefore the 


o, Wſineſs of Reduction is very uſeful in the Rule of Proportion, 
i mmonly called the Golden Rule, or Rule of Three) eſpecially 
r choſe who do not underſtand either Vulgar or Decimal Frac- 
I 26. And it's thus performed: 


Rule. | 
onſider how many Units of the Denomination Regqrired, 
=: oe of hat Denomination propoſed to be Reduced (which 
aſly noten bits reſpective Table) and with that Number 
Units, Multiply he Denomination propoſed, and their Product 
8 be 1/2 Number Required. 
, 5 5 


* 


1 Examfle in Coin. 
et it be Required to Reduce or Change 357 L. into Shillings, 
—_ thoſe $-://:7g5 into Pence, which ſhall {till be Equal in 
ue with the 257 /. 


A 


iy with 20 the SHillings in one Pound 


by” 7140=the Shillings in 357 J. 

iy with 12 the Pence in one Shilling 

| 1428 

n 
85680=the Perce in 357 J. as was Required. 


_ Or 357 /. may be reduced into Pence, at one Operation: 
us, 


2 I. 1 . . 3 57 L. | 

b [ultifly with 240 the Pence contained in one Pound 
| 1428 
b 7 1 4 


| 85680=the Pence in 357 4. as before. 


= 

8 

> But when the Nzzzbers propoſed to be Reduc'd are of ſeveral 
01nations, and it is r ex to bring them all to the Loweſt; 

ou mult Reduce the higheſt or greateſt Denomination to the 
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— — Ve: % 1 * 
— — 8 wag 1 
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ext leſs, Adding the Numbers that are of that leſs Denomination 
A . then Reduce their mm to the next lower Denomination, 
ing together all the Nambers that are of that Denomination, 
3F nd ſo proceed gradually on until all is done, 
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Example 
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| Example. "13 
Let it be required to Reduce 375 J. 175. 10 4 375 into of 
Denomi nation, viz. into Fart hing. 


3751. 17s. 104 34. 
85 ws 


7 500=the Shillings 1 in 3757. 
175. 
* 
7517=the Shi/lings in 3757. 176. 
12 


15034 
7517 


a '90204=the Pence in 375 2 175. 
+ 10g. 


90214=the Pence in 3751. 175. 10 a. 
WY 


360856=the Farthings in 3751. 175. 104. 
* 3 4. 


3608 59 Far ng 3751. 17 f. 10 4. 3 J. as was required 
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The W ork of this Example, and all other Operations of thi 1 


kind, may be ſomewhat ſhortned by obſerving the following E ; 
Method. l 
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20 Multi ply and Add in the 17 3 
7517 
12 Multiply and Add in the 104. 
15034 ; 
7517 | « 
90214 


4 AMultięly and Ad in the 3 47. 
360859 the Farthings as before. 
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Example in Troy Wei g. 


Suppoſe it be Required to Reduce 29 Ib 8 gg. 18 aw. 215 
into the Leaſt Denomination, viz, into Grains. 


Thu 


» 


— CEIPES —_ _ 


% 


ap. 3. Of Reduction. g 45 


LD Y 


_— 


rt! 


Thus, 29 IB 8 oz. 18 Put. 21 gr. 18 
riply with 12 the oz. in 1 Ib and Add in the 8 0. 


66 
29 
L 56=the Ounces in 29 Ih 8 0e. 0 Y1HIEO 
iy with 20 the prevs. in 1 02. and Ada in the 18 prev. 
2 7138 the parts. in 29 i 8 02. 18 prey. 
W/riply with 24 the Gro. in 1 Yer. and Add in the 21 gr. 
3 28553 

14275 
1171333 the Grains=29t 8 oz. 18 prot. 21 gy. 


) ou 
= 
* = 


— 


eſe Two Examples at Large being well underſtood, may 
cc to ſhew how all Operations of this kind are performed; 
er in Veights, AOL or Time. I ſhall only inſert a few 
isles of each ſort for the Learner's practice. 


* In 23 C. 3 qrs. 21 Ib 9 02. Averdupois Weight ; How 
ones. Anfwer 42905 Ounces. | er 
In 252 Engliſh Miles, How many Yards, Feet, and Inches. 
er 443520 Tards=1330560 Feet gi 5966720 Inches. 
=. In 1692 common Years; How many Days, Hours, and 
7s. Anſerer 618003 Days, 14852072 Hours, 889924320 
—_ es, 
bs Note, a common Tear=365 Days, 6 Hours, ſee Page 37. 
"1 In 5786 Pounds, 17 Shillings, 9 Pence Sterling : How 
—_—y -://::z5, Pence, and Farthiugs. 
_ er, 115737 1388853 4 or 5555412 Farthings. That 
86 J. 175. 9 4. 21157375. 94:=1388853 4. &c. | 
be next Thing will be to ſhew how to bring Numbers from 
cer to a greater Denomination, which by molt Authors is 


W-s (tho' very improperly) 


Reduction Aſcending. 


5 his Work is the Converſe of the laſt, and is performed by 
hon. Thus, | fed 
| Rule. 


Cenſider how many of the Denomination propoſed make one 

he Denomination required, and make that Number your 
viſor, by £#Ch Divide the Denomination - propoſed; and ihe 
otient coil be the Number requires. ** 
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are the Reverſe or Proof of thoſe in Page 43, 45. 


” Ha Arithmetick. 


| ; Exam ple. | 1 
Let it be required to find how many Shillings and Porn | 
contained in 8 56 80 Pence. 
The Perce in 15. are 12) 85680 (5140 f. 8 5680 1. 
Again the Shillings 1 in 17, are 20) 7149 (3574. the Anſar 
required. 


” FY 4 . CIC 
OD OBSTET 
SOIT n 
9 43 l 1 G7 = «a5 1 on 


vid By Another Example i izi Coin. ry 

How many Pence, Shillings, and Pornas, are contained vn 
26 45 59 Fartbings. 4 

F 
4) 264859 (66214 4. (5517 5. (275 a 
24 62 151 
S 117 
Y ge 6 (17) 5 | 


_ 1 Go). | A 
Remains (3)%: {Note the Remainder is always of lil 
fame Denomination with the Divided 


The laſt Quotient 275 J. together with the ſeveral Remaining 
gives the Anſwer required. 


Viz. 2150. 1718. 104. ; 4364859 Farthings 


Example in Troy Weight. WM 
Suppoſe it were required to find how many SW!5. 028, and ( b 
are contained in 171333 Grains. 5 


200 115 
| 24) 171333 gr. (1138 pw. (356 (29 Ib 
a 328 
168 413 12 ; 
— — —ä— e 
33 438 116 
3 (18) Put. by. 
93 — (8) or. 
) WE % 
: 213 . 1 
192 


— 


Remains (21) gr. U 
Anſwer 29 ib 8 oz. 18 pot. 21 gr. This 8 the laſt Evan 


1. In 42905 Ounces Averdupots eight ; How many Bowl 


7 


© 5-24» 


_ __— .. 


ts. 


28) 4) | 
s 16) 42905 (2651 i (95 qrs. (23 C. 
4 "109 252 5 
an L 130 .. 
5 140 
J 65 
|| Y (9) (21) Anſwer; C. 3 47s. 21% goz. | 
=. 7: 15966720 {aches ; How many Engliſh Miles, &c. 


Unser 252 Miles, &c. as Occaſion requires. 


IH There are many uſeful Queſtions may be anſwered by help of 
auction only: As the Changing of one ſort of Coin for another; 
comparing one ſort of _— with another, c. 
or Inſtance ; Suppoſe one had 34) Riæ-Aollars, at 45. 64. per 
ar; and defired to know how many Pounds Sterling they 
ec. \ 

347 5 * 
54==the Pence in one Dollar, viz. 45. 6 d. 2544. 


ver 78 l. 15. 64. Sterling are=347 Riæ:- dollars. 

2. 2. Ii 645 Flemiſh Elis; How many Ells Engliſh. 

_ te, 3 Quarters of a Tard Engliſh make one Ell Flemiſh, 

1% or 5 Quarters of a Tard is an Engliſh Eil. a 
Therefore, 645 | 

5 _ © -35=the qrsof a Tard in 1 E Flemiſh. 

1 Z—5)1935 (387 Engliſp Els for the Anſwer. 

<7. z. Suppoſe a Bill of Exchange were accepted at London, 

de Payment of 400 7. Sterling, for the Value deliver'd at 
erdam in Flemiſh Money at 1 J. 13 8. 6 4. for one Pound 

ns. How much Flemiſh Money was delivered at Amſterdam. 


Firſt, 1. 13 5. 6 4.=202 d. the Value of one Pound Sterling 
Amſterdam. s 


Then, 402 d. NA 160800 l 865 . Flemiſh, and ſo much 
or > ns 


as deliver'd at Amſterdam; 


+. * 


— _ — 5 — cc wi * * — — ns 9 — 


28 Arithmetick 


CHAP. Iv. 
Of Uulgar Fcacions- 


Sect. 1. Of Notation. 


A or Broken Number, is that which repreſents a Þ4 

or Parts of any thing propoſed (vide Page 3.) and is d 

=— by Two Numbers placed one above the other with a Li 
rawn betwixt them: 


Thus 1 3 Numeraror. 1 
on 0! "L 4 Denominator. 

The Denominator or Number placed underneath the Lit 
denotes how many Ezual Parts the 4, is ſuppoſed 10 
Divider into (being only the Divi ſor in Dif 235 And't | 
Numerator or Foam 1 placed above the Line, ſhews how r i 

of thoſe Parts are contained in the Frafion ( it being tþ 
Remainder after Diviſion.) (See Page 29.) And theſe admit 
three Diſtinctions: 

Proper or Simple 
Viz. Fate Tati, 7 
Compound | 


A proper, pure, or Simple Fraction, is that which is Leſs thi 
an Unit. That is, it repreſents the immediate Part or Pan 
of any thing leſs than the whole, and therefore its Nzmeralt 
is always Leſs than the Denominator. | * 


is one Fourth Part. = is one « Half 
As CE: : is one 7 hird Part, 04 - is two Thirds, ke 


An proper Fraficn is that which is greater than an Uni 
That is, it repreſents ſome Number of Parts, greater than tl 
whole ching; 3 And. its Neeraror is always greater than tw 
Denominator. cs 0 

5 As Or; : Ce. 2 = 


* Compound Fratlion is a Part * a Parr, confiling'd 
ſeveral Numerators and Denominators connected Oey will 
the Word Cof ]. 

As f of f of 2, Ec. and are thus read, The one Ti bird of the 
three Fonrths of the two Pifths of an Unit. 

That is, when 'a Unit (or whole thing) is feſt Dividell [nt 
any Number of Equal Parts, and = of thoſe Gab 
N Subai vi 


_—_— 
* of % 


of Gulgar Fractions. | 49 
% TE Mer Parts, and ſo on: Then thoſe laſt Parts 
e Fractious, or Fraftions of Fraftions. © + 
"TY ſuppoſe a Poumd Sterling (or 205.) be the 
pen is $5. the f of it, and 65. the 3 of thoſe 
ts. is the ; of thoſe three Fourths. Vis. 2 5. 
ee Pond Sterling. mommmoge 
actions are reduced to ſingle ones, Thus, 
199 br. | Rule. : ; 
e Numerators into one another for a Numerator, 
Wmioators into onè another for the Denominator: -- 
WW + ot + of will become o$. - Br: 
oe Numcrator, and 3X4x5=60 the Denomina- 


of a Pound Sterling is 25. As above; 
3 © | | 21 


„ 


n 


ets 


2 1 


er or Change different Fractions into ons 


ation relating to the ſame Value. 


a clear Underſtanding pf this Section, it will 
rremiſe this Propoſirih:, viz. If a Number 
bers produce other Numbers, the Numbers 

Do Proportion that the 


hat is to ind Denominator of 
Fraction | any Number, their 
at Fractioon. 
Or A= c 


are of the ſame 


* Mually Aulti plicd int 
Aucts will r$airhe ſame Value with 
As in theſ&, K ==. Or =. 
hat is, > and-$. Ur f and 3. Or ;; an 
e in reſpect to the Whole or Unit. 
rom hence it will be eaſy to conceive how Two, or more 

ions that are of Different Denominations, may be alter'd 


hang d into others that ſhall have one common Denominator, 
ill retain the ſame value. 


ample. Let it be required to change £ and 3 into Two 


Fraftions that ſhall have one common Denominator, and 
Retain the ſame value. 


ccording to the foregoing Propoſition, if + be Equal- 
Maltiplied with 7, it will become 434+ viz. Arr. 
Y, if 3 be Equally Mualtiplied with 3, it will become 
Aud by this means I have obtained Two 
rattions 5+ and 2+ that are of one Denominat ion, and 
e value with the Two firſt propoſed, viz Ar 


TYS7 1 And 


— — 


8 * — 8 


4 ———— —7˖ —˖˙˖71639. — — — —— — — ˙] 5 


i UE, 


(On 


= 


. 
1 


— 


092 co Noi 9 
_ Multiply all the Denominators int hich other for. 4 | 
and Common) Denominator. Aud each Numerator into al; 


—— but its own, for New Numerators. 
Example: Let the propoſed Fractions be, f. 5. 4. and © - 


Dy ny A 
3 8 
a —_ 


Then by the Ralle. | 
A new Denominator + _And the new Numerazors will . 
will * thus found. be thus found. 5 
3 mood TTh = 2. 8 
dan 012X405 h ß ag mh 
15 1 . 
4 + + 4 : * 
— . — — 1 
60 20 24 1 
E: 7 1 1 
420 | 32 $9. $68; zz. 36 


Hence 420 is the common Denominator ; And, 1 2.5 
315 . 360 ate the new Nvmerators, which being placed nw 
wiſe are 48. 45% + 45% 322 the New Frattions required. 

Thar i is, 428 —ç 325-1 . and 1 : 


. * # 4 * — — 


—— 9 _— ul 


Sea. 3+ To FE me Nutibirs into \Fracions and 1 
ns. contrary. | a 


7* 


Mix'd Numbers are brought into dee Fraffions = 
following Reile. 
"Rule, e 


0 N a 5 wi 

Multiply zÞe Integers or hole anker qvith be Den 9 

nator of the given Fraction, and to their Product Add 

Numerator, the Sum will be the Numerater of * Fan E 
required. . | | $ 


8 10. % 


Exanple. 95 by the Rule ul beceme TY For Te yea 


| Ki, 43.44 =*2 the improper Fraction required. 0 
gain, 13 7; will become 78 22. For 13K 151 . 
5 oh; W . And ſo fox any other as ok 8 1 
To find the dus Walub of any impro er Fration” ires . 
cal the ans of this n For ; =97 as ” 
£ evide 


—— — EE 0 — 


wp 4 Of Uulgar Fractions. HR 


ent: Then it follows that if 49 be Divided by 55 the 

tient will give 9%. And if 206 be Divided by x5 it will 
132 He. conſequentiy it follows, That. 

e Numerator of any improper Fraction be Divided by its 

Womwinator, :4e Quotient <vil a7 en the true Value of that 


jon. 


| Branples, | 
355 And 755 ee Or 283 oy 
hen whole ae are to be. expreſs d Fraction-wiſe, it is J 
giv 1 them an Unit fox a Devominator. Thus 45 is . *f 
25 is 2, hot 2 | 


N * 
* 
— — 
- 


© P 4 To Abb2eviate or Reduce Fractions inro cheir 
1 " Lowe 7 or Leaſt Denomination, 


| 


his is Sion not out of any Neceſſity, but for the more con- 
ent A1. of ſuch Fraftions as are either propoſed in 

* > Terms, or {well into ſuch, either by Addition or otherwiſe ; 
as it 's moſt like an Artiſt to expreſs or ſet down all Fractions 
e loweſt Terms poſſible; A to perform that, it will be 
mY Fflary to conſider of. theſe Da Propoſitions. 


Numbers a are either Paiine or Compoſev.. N 


A Priine Washer i is that which | can oy be Meaſ? ared by 
mt. Huclid y. Dein. 11. 
Nhat is, 3. f. J. 11, 13. 17. Ec. are ſaid to be Prime Num- | 
bo becauſe tis not poſſible to Divide them into Equal Parts 
"oy ny other Number pot t Unity or 1, 
Numbers Prime the one to the other, are ſuch as only an 
_ oth Meſure, being their common Meaſure: Euclid J. 
= * 2. I2. 
* r Inſtance, 7 and 13 are Prime Numbers to each other, 
8 uſe they cannot be divided by any Number but an Init. 
9 and 14 are alſo Prime Numbers to each other, for altho' - 
1 4 Mea ſure or Divide 9 without leaving a Remainder, yet 
33 5 1 not Afeaſure 14 without leaving a Remainder; Again, 
'B bo” 2 will Meaſure 14 without any N yet 2 will not 
1 9 = 04 without leaving a Remainder, &c, 


ed. Nymber mber 
. 1 » e ſome certain Nu 


( 


1 


1 


1 d ; Number of 3 and 5, for 
va 15 cb Equently 3' * 5 l Fa y Meaſure 15. Alſo 20 


1 


4 
'H 18 
"= 

A 

», 


*w4+£. 4% 


0 * 


— —— _ _— . © ue. + va „„ 44 4 . 1 — 


— — : a — 
is compoſed. of 5 and 4, vis, 5X4=20, therefore 5 and 4 wi 
ad LE 0 Re ob. 
4. Numbers compoſed the one to the other, are they which 
ſome Number being a common Meaſure to them both dot! 
Meaſurg,. Euclid 7. Defin. 14. e 
That is, If Two or more Numbers can be Divide by one 
. andthe ſame Diviſor; then are thoſe Numbers ſaid to be com 
poſed ono to another. 1 1 8 * f 1 A * 
For Inſtance, 14 and 21 are Numbers compoſed the one t 
9 the other, becauſe they can both be Menſured or Divided by 3 
For '7X2=14, and 7X3=21, therefore ) is a, common Mea ſul 
tog and 21. So that if 5+ were propoſed to be abbreviated 
T 
' And how thoſe greateſt common Meaſures may be foun 
comes tram Huclid 2. preb: x, 23, and is thus: ond Lan 
| Ogo 3903: >. 05. III OL ft Dns 
= e ee 
Divide te greater Number by the leſſr, and that Diviſor 3 
the Remainder (if there be 72 And 1 1% continually ſer. 
there be no Remainder let: Den 270 that iaſt Diviſor be't} 
greateſt Common Meaſure (aud if 7 Lappen 50 be 1, then an 
zhoſe N umbers Prime Numbers, and are already in tha 
Loweſt Terms, but if otherwiſe) Divide the Numbers by tha 
.  taft Diviſor, and their Quotient will be thei Leaſt Terms 1 
i aired.” 105 7 os 705 1 IJ „„ $8 #2 7 
nnn | Example. | 
Ler it be required to find the greateſt common Meaſyure of j 
and 108, viz. Of 555, 55 INF. Hr al 
36). 74 (2 1 Here becauſe there's no Remainger 
- + 1» _ £36 3s the greateſt common Meaſiare, 


— 2 
„ 
* 


— 


* 


— 


* 
* 


—— — 


* * - =» 


Il uhereſbre, J 3.2: 2: J Hence i is Abhreviatel 
)z3s8)ies = 20 f che lowelk Terms. 
W o fin Tre o ; 37 of 74 15 | 


i 724. Ig. 
v 0 * H# 
. $ CL 4 


1 
# 


W 

* 

* k \ 4 
. 


53 


— 8 


Thus, 744) 899 (1 
— 5 744 {4 
155) 744 (4 
WM ERS 


124) 155 (1 
124 


Here 31 is found to be the greateſt common Meafare by 
which 744 and 899 may be Abbreviated to. 24 and +29 their 
owelt Terms. | p A 10 


| Thus, r) 755 (A. C | 
Note, If the propoſed Numbers be ever, they may be broughe 

ower by a continued Halving of them, ſo long as as they can be 
alved, viz. Divided by'2. . re 

n Example. 

"Tis required to'Reduce £5 to its leaſt Terms. 

5 Firſt, ) 34 (. Again, 2) 32 (e. 2 

This done, you may eafily perceive that ) will be the com- 

on Meaſure to 14 and 21, bis. 7) 2? (f. Oc. 

If the Numbers propoſed to be Reduced have each a Cypher, 

pr ers Annexes to them, they will be Abbreviated by cut- 

ing off a like Number of Cyphers from both. 2,07 
Thus, 753 will be 35. And 222. will be =, Oe. | 


— 4. 


. CLOSE _—3 . - © 60.36 Af. * J 
at is, s s. And r. And J AS rs. . 


Set. 5. Addition of Fractions. ap 
What hath been done by the Rules in this Chapter; is chiefly '\ 
to prepare and fit Fractions of different Denominations far. 
{ddition or — as Occaſion requires, vis. If they are 
Compound Fraftions, they muſt be Reduced to Simple or Pure 

rattions, per Rule, Sett. 1. 5 

If they are of different Deyominations, they mult be altered 

vr chang d, per Rule, Sect. 2. e 
That is, all Factions muſt be brought jnta one Denomination 
before they can either be Added or Subſtracted, and that being 
done, Addition is thus performed, © 

FRE LESS | 

Add reger her all the Numerators, and their Sum will be 8 New 
Numerator, nder which Subſcribe the Common Denominator. - 


by. 


= "I 


Thus, 53 and 92 will become!s x and 942. 


—_ SE 


— 


— — 


* in Simple Sr Fr unn 
Let it be propoſed to Add 5, I and 4 2 vagerher, Firſ. 
Tus. rz, and 4 T. Per Seb. 2. bo 

Then zs LTT. the Sum Nane, Which 


according to Section 3. is 15. Viz, 77 12 


Examples in Compound Franions. 
Let it be required to Add and + of into one Sun 


Firſt > of 3 b. comes wy or & per Secl. 1. And a fr Sect. 2. 
A. and 4 is — 5 and . viz; 1 1. and rr D ny 1 
the Sum Required, viz. 3T7 K = 5 % 
$I Doamples in 1 Li >) 
Tis required'to" 44 55 to 75. * *thefe fer $4, J. Wil 
be'2 5 and 5. But and! will become and per Sett-1, 
Then £2 Hg and 1213 the Sum Required, 
Or you Play bring only the Frattions to one Deuimination, 


Then 5+ N 21. That i is, 1 JP. As before, 


+ . 


* 
1 ——_—_— — 4 4 * Mid. * _ — 


nee — — Aa 
Oreo ct eee proce = 
, P 
[ N 8 , 
a . . * 1 4 
* - 7 1 


| will becom 87 and, +7. chen ett, ile 14 N N 


— — q—ů 


ITY 6. Senkt of Frattions. 


Subſiract ane Numerator n the 3 2 
7 the Queſtiom requires) and their Di Herenceavili bes 
nete Numeratpr,' under vhich in lg Fe, Com nos 
1 46 in Addition. 2 21 6th 


Is aeg, 
Lt it be qe vired to take & out 3 Fir £ 7 nn 


7 SER 
e 


— —— — —— ü — ——— ꝛ—ꝓ—ͤ— 


As was requh 7.5 Pen py ee 
u. 1 0 . ie 1 ö 
| ange, 2. x | f 8 ar — 
n 2 .of 2 from 44. Firſt, 2 6b ED 
er Seft. 1. Again 27 and 24 24 wil become : a Fer 
Ka both 75 155 Hh bear den e e 
N 11426 364 31H 33 4 © 20 ds {445 < rol TIO: ty 
Example, 3 2401 21. LEI 


2 


From 67 Subſtraft 34 Firſt, 65—=*3. and 3422 . 
u t. Sebt. z. Again, e e 42 221. per 
r 2 _ 125 ene. 8,050 


haps 4. Of Mulgar Fractions. 55 


—vyLᷣv —— _ n EE IE OI — 


bug; Firſt, 6g. theo bring 3 and ; 2 Into ane Brunner 


432? 
12. 3 25111 and 3 


Then 527 1 8 — Ks belore. | 
: Example 4. | 
as ws Fubſtratt ; of 3 of + from 9. 
Firſt, of 5 LAs; And Gerd. | 

| 6 786775 —=643—=7—2 ot -- of, © Es was required. 
If chete few Erapn hir be well underffood, the whole Buſineſs 
f Aading and Subſtrgtting Vulgar Fraftions will be eaſy; 
which is really mich more difficult to perform than ejther Mal. 
1 or E as will 1 in the next Seetrop. | 


* 


8 — ; 
er * 


Seck. 7.  Pultiplication of Franions. - 


In order to perform either Mtziplication or Diviſion, you 
wuſt prepare the Terms to be Multiplied (or Divided). mos 5 
Reduce Compound Fraftions to Simples Ones, per Sect. 1. Bring 
i'd Numbers into improper Fraftions, and expreſs Joie 
Numbers Fraftionwiſe, per Seft. 5. Alſo it will be convenient 
Wo Abbreviate them to, their ſnalleſt Tm when it can be done. 
en Mulriplication may be thus performed. | 

| 20S 5 Multiply he Numerators one inte another for 42 

e. 


New Numerator; and the Nenominators one into 
another r for a New Dang: As in reſo 


Examples N * | 3 
I. The product of 4 into 2 . That is, 7. * 
2. And the Product of +2 int ö. Orr. 
3. Again, the Prolaci of _ into 1 of £ rr Ora TT. 5 
For 3 of =. Then -- Zr. c 
4. Let it be Reg tired to Multiply 6 with. 33. "Theſe 
proved for the 0 ork will ſtand thus. E. 
* 6 r and zie Then N= 2 or _ 
| Or, otherwiſe thus, 6X3=18. Ahd == 
Then 1 As before. he 
5. Let ir LP ON equired to Aug 74 with 135 Ad 
TI d eg. Ten 4 , 
Now ths Reaſon of this Rule fot Multiplying of 9 


nd conſequently: of theſe. Operations; and all other performed 
* it; will be evident N following. q * 5 Vis. 
0 : i 


r 


—_— th. 


* 


56 Arithmeticn. Peort f 
Vix. 1f + be Multiplied with *+ according to the Raul, 
their Produf# will be *3. But *3=8. l 
Now 4=2, and A per Sect. 3. But 4*2=8. Ergo &c 


— 


EO * FY a 


— n nn! 
— 


Ke Set. 8. Diviſion of Fradions. = 

The Fractions bay firſt prepared as before directed, Diviſin 
may be thus performed: 8 

Multiply the Numerator of the Dividend into th 

Rul Denominator of the Dividing Fraction for a New 

© } Numerator: And Multiply rhe other Numerator an 

Denominator zogether for a New Denominator. 


Examples. | 

1.Let {be Divided by J. viz. Cr = the Ouotien, 
That is, according to the Rule 6x7—42 the new Numerator, 
and 35x3=105, the new Denomi nator, &c. as above. 


; Let it be requir'd toDivide 42by+4. vizrL)22(242=1} 
For 12X20=240 the new Numerator, and 27X5=155 thi 
new Denominator, &c. as before. | 


f 


3. Suppoſe it were required to Divide by 2 of . 
Firſt, + of 5=35 Then rf. 
4. Let 20x be Divided by 34 'viz r by . 
For 20 , and z, Then Z), ( the Quotient 
5. Let it be Required to Divide 402 by 53. 
Firſt, 40575=" "55, and 53=i5. Then 3) 7 (24. 
But '3533=75 the true Quotient Required. | 
6. Suppoſe it were Required to Divide 13 by . 
Firſt, 13=*z, Then 5) ++ (*5=18;, the Quotient. 
7. Again, let it be Required to Divide I by 6. 
Viz. )( for the Quotient Required, 


N. B. From hence you may obſerve, that when any Whole 
Number is Divided by 4 Fraction Leſs than Unity or 1, tht 
Quotient 20117 be Greater than the Number 1 ro be Divided: 
But if any Fraction be Divided by 4 Whole Number, greater 
than x, Then the Quotient % be Leſi than the Dividend: A 
in the Two laſt Examples. e 


As 


— 


Of Decimal Fractions. 57 
As to the Reaſon (or Proof) of this Rule for 33 
ractious: Tis only the Converſe to that of Multiplication, an 
ill be very evident from this following. 
Let # be Divided by $. Which according to the Rule is 
us, 2) % (2g. The true Quotient. Now A=. And 
W—:. per Sect. 3. Conſequently 2 Divided by + is but the 
me with 8 Divided by 2. viz. 2.) 8 (4 The Quotient as 
efore. | | 
1 could have inſerted Geometrical Demonſtrations, for the 
cs of Multiplicatiom and - Diviſion of Fractions; but 
ppoſing the Learner purely unacquainted with thoſe kind of 


emonſtrations, I thought theſe might be more intelligible to 
Wim, eſpecially in this place. 


hap. 5. 


_—_—.. 


» _—_— — 
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CHAP. V. 


Of Decimal Fractions. 


* — 
EN, or by whom this Excellent Invention of Decimal 
Arithmetick, was Firſt introduced is uncertain, - but 
oubtleß its Improvements, and the Perfection it's now in, is 
ring to Hatter Years. | # 


Se. 1. Of Motation. 5 


In Decimal Fractious, the Integer or Whole Thing ( whether 
t be Corn, Weight, Meaſure, or Time, &c. ) is ſuppos'd to be 
Divided into Ten Equal Parts; and every one of thoſe Ten 
Parts are ſuppoſed to be Subdivided into other Ten Equal 
Parts, &c. ad infinitum. . | 4 
The Tzteger being thus Divided (by Imagination) into 10, 
00, looo, ro, £50. Equal Parts, becomes the Denominator 

o the Decimal Hraction. 


Ta, e.. ee. 


"$ : A a 7 5355 Toooo' Tooooo' 


Now theſe Denominators are ſeldom or never ſet down, but 
ly the Numeretors ; and thoſe are either diſtinguiſhed, or 
eparated from JI/hole Numbers by a Point or a Comma. 
Thus, 5,4 1S 518. and 0,7 is T8. 35,05 is 351, Oc. 
But before we proceed further in Notation, it will be conveni- 
nt for the Learner to conſider of the following Table, (taken 


ut of the Learned Mr. Oughtre#s Clavis Mathematica) which 
news the very Foundation of Decimal Fractious. 


-T | FW hols 


/ 7 
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hole Numbers Decimal Part; N 
54321 O 2 3 4 155 
RN 
SSI NN SSS S883 b 
Sr 8888388 
r 
2D Na. . 
«oY SAS 
KS 88 88 & 
ID = JV T5 
IH — 
D 18888 
> 2. DSS | 
_ 1 | 
Ig ] 


—— 


By this Table it is evident, that as in whole Numbers 0 
Tirtegers, every Degree from the Units Place increaſes toward 
the left-hand by a Ten-fold Proportion: So in Decimal Pari 
every Degree is decreaſed towards the right-hand by the ſam 
* ortion, V1Z. by Tens. h | RO. 
erefore theſe Decimal Parts or Fraftions, are really mor 
Homcgeneal, or agreeing with V heleNumbers, than Yulg 
Frabticns; for indeed all plain Numbers are in effect bu 
Decimal Parts one to another. | "2 

That is, ſuppoſe any Series of Equal Numbers, as 444, & 
The firſt 4 towards the Left is Ten times the Value of the 4 it 
the middle, and that 44 in the middle is Ten times the Valued 
the laſt 4 to the Right of it, and but the Tenth Part of that 
on the Left, Sc. | 255 
Tberefore all or any of them may be taken either as Lo 
or Parts of an Integer: If Integers, then they muſt be ſer dom 
without any Comma or Separating Point betwixt them thus, 44 
But if Jutegers, and one Part or Fraction, put a Comma berwis 
them thus, 44,4 which ſigaifies 44 Whole Numbers, and 4 Teith 
of an Unit: Again, if two Places of Parts be required, ſeparat! 
them with a Comma thus, 4,44 big. 4 Units, and 44 Huna 
Parts of an Unit, &c. | | 

From hence (duly compared with the Table) it will be es 
to conceive that Decimal Parts take their Denomination fro 
the Place of their laſt Fgure. 


12 


„S re | 2 
OS = rs | | 
2 
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Cyphers annex'd to Decimal Parts, alter not their Value. 
\s, ,50, and ,500, or 5009, c. are each but 5 Tenths-of an 


. . 8 8 500 7 5000 7 
nit, For Ts N. And TNG F S Or T0000 —1s" Por 


. 4. of the laſt Chapter. 
But Cyphers prefix'd to Decimal Parts decreaſe their Value, 


by moving them further from the Comma. 


f \5= 5 Tenth Parts. 
7... ,05= 5 Parts of a Hundred. 
: "wy ,005= 5 Parts of a 2 
,0005= 5 Parts of Ten Thouſand, &c. 
Conſequently the true Value of all Decimal Parts are known 
y their Diſtance from the Units Place; the which being once 
ightly underſtood, the reſt will be eaſy, | | 


* — 
— 


Sect. 2. Addition, and Dublfraction of Decimals. 


= In ſetting down the propoſed Numbers to be Aaded, or 
„racted, great care mult be taken in placing every Figure 

lirectly underneath thoſe of the ſame Value, * they be 
lix'd Numbers, or Pure Decimal Parts, and to perform that 
jou mult have a due regard to the Comma's, or ſeparating 
Points, which ought always to ſtand in a direct Line one under 
nother; and to the Right-hand of them carefully place the 
Decimal Parts, according to their reſpective Values, or 
Diſtances from Unit. Then 


Add, cr Suſtract them as if they were all Whole 
Rule. Numbers; and from their Sum or Difference, cut off 
© ) fo many Decimal Parts as are the moſt in any of the 
given Numbers. 


Examfles in Addition. | 

Let it be required to find the Sum of theſe following Numbers, 
Iz. 34,5-F65,3+128,1+95+87,8+1,9, which being truly 
laced, will ſtand | e 
| 34-5 

| £3 
; 128,7 
Thus, F. 95,0 | 

3 87,8 \ 
By. 7,9 


Their Sum required, 419,2 


La Example 


1 


— — —— ũ 
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Example 2. 
Let! it be e to find the Sum of 3854+ 54.978-4900 
*+1 35907. 
25,8 54 
$4,578 
9,076 
I 3,907 


83,415 The Sum required. 

When the Decimal Parts propos'd to * Aadea (or Subſtrate 
have not the ſame Number of Theres you may for convenienc 
of Operation ſupply or fill up the void Places, by Annexiil 
Obers. As in theſe. Examples, 


Example z. Example 4. Example 5, x 
45,0700 $74,678953 0,97 5642 

30, 7580 95,796430 1145257 - 
123,057 78,05460⁰ ,000 598 

74,7020 54,78 900 5800700 

24, 8000 8,900000 „6405 30 


318,335 Sun 812, 218983 N 3516272) 


Examples in Subſtradion. 
Let it be Required to find the Difference between 45,37 5 an 


54,284. 
0 - Example 1. Example 2. Example z. 
That is, From 74,284 From 43), From 75,0034 
Take 45,37 Take 89,6557 Take 57,875 . 
Remains 28,909 347,843 Rematus 151284 


Example 4. 
Let it be Required to find the Exceſs between 562 at 
93,5784. | 


| Example 4. Example 5. | 
That is, From 562, | From 345,578 
Take 93,5784 3 


the Exceſs 468,4216 188,758 


Note, The two laſt Examples are fur poſed to be ſupply'd wit 
bers, which if actually done ak ſtand thus, * 
562, 343,578 | 
93,5784 | 2 


Remains 468, 4216 As before, 1887 


9 << HweEoa 


Exant 


\ 
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Example 6. | Example 7. 
: From C, 547893 From 1,000000 
: Take , 439758 Take o, 997543 
i O,1 081 35 | | 0,60245 7 


The Proof of 47/ition, and Subſtration in Decimals is the 
nme with that of 4/Þ0/e Numbers, Page 13, Oc. 


Se. 3. Multiplication of Dectmals. | 
= Whether the Factors or Numbers to be Multip/ied are pure 
ecimals, or Mix'd. Multiply them as if they were all hole 
_ ae and for the true Value of their Product obſerve this 
le. 

F Crt eff (viz. ſeparate with a Comma) ſo many Places 
Rule. < cf Decimal Parts in the Product, as there are in both 
t the Factors accounted together. As in theſe. 


Example 1. Example 2. 
3024 2512 
2,25 | 24,3 b 
9072 9635 
6 048 12848 
6 048 6424 


1 


6,4352 780,516 = 
The Reaſon why ſuch a Number of Tecimal Parts muſt be 
ut off in the Product, may be caſily Deduced from theſe 
Frampies. Thus, 5 

In Example 1. Tis evident, that 3 the whole Number in the 
ſultiplicaud, being Multiplied with 2, the whole Number in 

he Multiplier; can produce but 6 (viz. 3X2=6) So that of 
<ceſlity all the other | in the Product muſt be Decimal 

Parts; according as the Rule directs. | 

Or, the Rule is evident from the Multiplication of pole 
wnbers only: Thus, ſuppoſe 3000 were to be Multi lied with 

oo, their Product will be $00000 ; That is, there will be 
BD many Cyphers in the Product, as are in both the Factors, 
ig e Page 18.) Now if inftead of thoſe Cyphers in the Factors, 
© ſuppoſe the like Number of Decimal Parts; then it follows, 

hat there ought to be the ſame Number of Decimal Parts in the 
Froduct, as there were Cyphers in the Factors. 1 | 
Again, the Rule may be otherwiſe made evident from 
ulgar Fraftions, thus: Let 32,12 be Multiplied with 24,3, 


and 


» 


Wben any propoſed Number of Decimals is to be Multiplit 


Right-hand, as there are Cyphers in the Multiplier. 


7g Again, 578 X loo0=578. Or, ,578 X 100005780. 


— — 9 ů— 
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and their Product will be 180,516 as in Example 2. abo 
Now 32,12=32735. and 24, 322475 · which being brough 


into Improper Factions ( per Sect. 3. Page 50.) will becom 


Patt 


dl 


3255 Tes and 2478 2 
Then F e s = per Sect. 7. Page 55. 
But e =) Sorg. vi. 780, 516 as before. 


Any of theſe Three Ways do, I preſume, ſufficiently prove th 
Truth of the aboveſaid Rule, Oc. 


Example z. Example 4. 
78,54 5745 
436 0675 0 
471276 28725 4 
235638 40215 6 
314184 34470 DI 
34246, 0 56 38,7875 1 


N. B. It ſometimes falls out in Multiplying Parts wi 
that there vill not be ſo many Figures in the Product, 8" 
onght to be places of Decimal Parts by. the Rule: In that Cal 
ron muſt ſupply their Deſect by prejixing Cyphers 70 i 
Product; as in theſe Examples. 


Example 5. Example 6, 2 
52365 3 10347 L 
22435 „0236 $ 
11825 2082 E 
7095 1041 4 
9450 694 I 
4130 om » 
— — ,00081892 
105758775 


with 10. 100 . 1000 . 1000, Oc. Tis only Removing ti 
ſeparating Point in the Mulriplicand, fo many places —— x 


Thus, 578 X 10=5,78. And, ,578 x 100 837,8 


Thek 
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Theſe things being conſider'd, it will be eaſy to Multiply 
im, and determine their true Products. As in theſe 
lowing Examples. 


$5,056 Multiplied into 0,518 will Produce 32, 958 368 
7,6543 into 35, 4246 will Proauce 41, 52151578 
0, 56879 X o, 56e, 322731446 
O, 03246 X O, O2 364 α , 0007672544 
87649 Xx o, 0368783231, 61863 
94,3 5786 X 6, 57869 620, 511100034 
3.141592 * 52,7438 2165,99 5001295 


= Now it oftentimes happens, that it will be needleſs to expreſs 
che Figures of the Product at large, (eſpecially, when the 
dor, have each of them many places of Decimal Parts, as in 
e Two lat Examples) only fo many of them as may ſuthce 
r the intended Deſign; and yet the Product may be as true to 
many Figures as are retained, as if the Factors had been 
tified at Large. And ſuch Compendious Contractions are 
Wot only of curiofity, but may alſo be found of great eaſe and 
e to the Ingenious Practitioner; eſpecially in Reſolviug 
ſected Equations, or in calculating of Trigonomerrical 
Problems by the Natural Sines and Tangents, Sc. All which 
hay be thus perform'd. 

Viz. Set the Units place of the Multiplier directly underneath 
bat Figure of the Multiplicand, whoſe place you intend to keep 
the Product; And place all the other Figures of the Multiplier 
a quite contrary order to the uſnal way. Then in Multiplyin 
ways begin at that Figure of the Multiplicand which ſtanas 
ver the Figure herewith. you are then à Multiplying, 77 
been the Firſt Figure of each particular Product, directiy 
nderneath one another; yet herein you miſt have a due regard 

the Increaſe which would ariſe out of the Two next Figures 
8 /-e Right-hand of that Figure in the Multiplicand which you 


ben begin with. 


Example. 


Let it be required to Multiply 3, 141 59 with 52,7438 and 
t 3 be only Four places of Decimal Parts retained in the 
Froauft. | 1 

If the propoſed Nuubers were to be Multiplied at Large, 
ey muſt ſtand in a direct order as uſual. 


Thus 


64 |  Arithmetick Patt! 
9 Thus 3,141 592 * would produce Ten places 9 
er 52,7438 parts, as in the laſt Example. 


_— 
— — 


But being 'tis required to have only Four places of thoſe p- 
in the Product, ſet them down as above directed, and they wil 
ſtand N l 
Th 141 59 The Multiplicand placed as before. 

15 834,5 The Multiplier in a reverſe order. 


175 The Product with 5, regard had to 5 times: 


1570796 
62832] The Product with 2, increaſed with 9X2. 
21991] Product with 7, increaſed with 5X7 +9 X17. 

1257] Preautt with 4, increaſed with 1X4+5 X4- 
94 Prednt with z, increaſed with 4X3. 
Product with 8, increaſed with 4x8--1%8, 


165,995 The true Preduct as was required. 


The Reaſon of this Contraction is very obvious from tit 
whole Operation wrought art large. 
Thus 3, 14159 2 | 

52,7438 | 
- 5 32736] From hence its evident that all the Figur 


94:24776 iu the Square to the right-hand, are avi 
125616368 | omitted in the fcrmer Coutrattion ; A 
2 1991/144 that the Laſt ſingle Product Here, is th 
6 2831184 Firſt there; conſequently the Reaſon 1 


157 07960 __ Placing the Multiplier in a Reverſe ord! 
165,6995 001296 | muſt needs appear very plain. 
Example 2. 


. it were required to Multiply 257,356 with 76, 
and to have only the entire Product of Integers. 


257,356 257,396 
84,67 The fm 1 * large. $ 56,48 | y 
18015 2058848 6 
1544 1029424 
103 1544136 
=: | 1801492 ; 
196821 5 19682, 58688 


The chiefeſt Care and Difficulty that attends theſe Contra 
is the true ſetting down of the Units place in the AMultipii 


underneath the proper Figure of the Multi plicand, according 
the deſign'd Preduct. 77 7 
| 
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” 4. A. 28 th. cond 


Viz. In Example 1: It was tequired to have Four places of 
decimal Parts in the Product; therefore the Units pres of 
ze Multiplier was ſet under the Fourth place of Decimals in the 
ultilicand: And in Example a, becauſe it was requir'd to 
ee an entire Product of Integers only; therefore the Units 
ace of the Multiplier was ſet under the Units place of the, 
ſultiplicand. This, I ſay, being once Rightly underſtood, 
ill render the Method eaſy in Practice: | 


* 
* *. * & — - —— w 
2 4 - 2 "Y . 1 


| SeR. 4. Diviſion of Decimals: 
Diviſion is accounted the moſt Difficult part of Decimal 
ſrithmetick; In order therefore to make it plain and eaſy, it 
ill be convenient to Reſume what has been ſaid in Page 25. 


Degree with that Figure of the Dividend; aner which 
the Units place of its Product ſtands. 


As for Inſtance, Let 294 be Divided by 4. 


. 5 T he Quotient Figure is always of the * Value or 
iz. 


z 
. 


This is not 7 but 70, becauſe the Units 
; 4) 294 ( 5 place of 4x7 ſtands under the Tens place 
| 2 lof the Dividend. 

5 14 (3 But this is only 3. 

4 12 


emains (2) Hence 73; is the Qubt ient. 


Now if to the Remainder 2 there be Annexed a Cypher, thus, 
o, and then Dibided on, it muſt needs follow that the Units 
lace of the Pfouutt ariſing from the Diviſor into the Quoti ent, 
ill ſtand under the Annexed Cypher ; Conſequently the 
dot ient Figure will be of the ſame Value or Degree with the 
lace of that Cypher: But that's the next below the Units place, 
herefore the Soti ent Figure is of the next Degree or Place 
low Unity ; That is, in the Firſt place of Decimal Parts. 


bus 4) 20 (G5 
So that 4) 294,0 (73,5 the true Quoticut required. 
This being well underſtood; Diviſion of Decimats may (in 
| the 1 Caſes), be eaſily performed. However, that it 


ay be render d plain and eaſy, even to the meaneſt Capacity, 
poſſible; Let Diviſion be again defin'd, as in Page 21, 


— 


Vizs 


0 — Tk | , * — 8 — 
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. i that Number «<vhioh Divides . be M ultiplict 

uit h the Number which is Produced, their Product wu be thy 
Number Divided. 

Ibis Definition alone (if compar'd with the Rule, Page 61 

will afford a General Rule for diſcovering the true Value of tb 

Quotient Figure in Diviſion of Decimailß. 


The places of Decimal Parts in the Dirie ant 
Rule ö 


Quotient, being counted together, muſt always be equal 
in Number with thoſe in the Dividend. And fra 
this General Rule ar:ſeth four Caſes. 


Caſe 1. When the places of Parts in the Diviſor and Divide 
are Equal, the Quotient will be whole Numbers. | 


— * 
Pram i. 


As in theſe Examples. 
$,45) 295,75 (35 0,0078) ,4368 (56 
. | - 390. 5 
42 25 | 468 
42 25 468 
(0) (0) 


Caſe 2. When the Places. of Parts in the Dividend, exced 
thoſe in the Oiviſor; cut off the Exceſs for Decimal. Pari ul 
the Quotient. As in theſe Examples. 


24, 3) 780, 516 (32,12 436) 34246,056 ( 78,54 
729 3052 
515 | 3726 © 
291 r 8 
243 e 
486 14534) 430438 („ . 2005 
486 „ 460 1744 
— | 7 
fo) | 3738 2616 
Le 3738 2616 
T 


Caſe 3. When there ate not ſo many Places of Parts in tht 
Dividend, as are in the Diviſor ; "Ning Cyphers to the Div 
den to make them equal. Thea will the . be who! 
Numbers, as in Caſe 1, 

| A * Exanglt 


— 
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—— W lt ih. 


8 
* 
— 


e 


Eramples. ; | 
et it be required to Divide 192, f by 5,684, And 441 by , 7875 
684) 192,100 (25 * 17875) 441,0000 (560 
153 68 * 
38 420 47 250 
; 38 420 45 250 
(o) | (00) 


Caſe 4. If after Diviſion is finiſhed, there are not fo many 
2s in the Qfioti ent, as ory bs yr to be Places of Pants by 
hc General Rule; ſupply their by prefixing Cypher; to it. 


1 Examples. | 
Let it be required to Divide 7, 5406 by 957 
957) 7,25406 (, o/ zd the true Quotient required. 


6 699 

5550 Again ,575) ,0007475 (0013 
4785 | | 575 

7656 |; I725 

7656 5 1925 

(0) (o) 


Vie, When Decimal Numbers are to be Divided by 10. 100. 
oo. 10000. c. that is, when the Diviſor is an Unit with 
ers; Diviſion is performed by Removing or Placing the 
parating point in the Dividena, To many places towards the 
eft- hand, as there are Cyphers in the Divi ſor. 

— + 1 

10) 5784 678,4 100) 5784 (5784 

Icoo) 5784 (5,784 | ITococo) 578,4 (,05784 

Note, 7 heſe:Operarions are the direct Converſe to thoſe in p. 63, 


I preſume it needleſs to give more Examples at Large, only 
ſert a few Djvidends, and Diviſors, with their Quotients; 
herein are contained all the Vaneties that can happen in 
viſion of Decimals, | 


574) 493068 (859 54) 49,3066 (8,59 
574) 493,066 (,859 554) 493066, 0 (8590 
i 574) 49,3066 (,0859 50574) 493, 0665 (8590 


5474) 4930, (89 _*  ,0574) 493066 (8,59 _ 


ov 


— 
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There is alſo a compendious way of Contracting Diviſion 
Like unto that of Multiplication, Page 64. by which mud 
Labour may be ſaved ; Eſpecially when the Door hath man 
Places of Decimal Parts in it: And it's thus performed. 

Having determined how many Places of Whole Numbers then 

will be in the Quotient, if any at all; or if none, of what val 
or place the firſt Figure in the Quotient will be: Then om 
or prick Off one Figure of the Diviſor at each Operation 
viz. for every Figure you place in the Quotient, prick Off on 
in the Diviſor; having a due regard to the Increaſe whid 
would ariſe from the Figure ſo mitte. 1 


Example. 
Let it be required to Divide 30, 23 by 9, 9863. 
The Work Contract. The ſame at Large. 
7, 86 3) 70,2300 (8,938 7,9863) 70,2300 (8, 
a 8904 | 63 8904 | 
1 | 
6 339600 6 339600 
359044 5 590401 
8... © 7491190 
1 | | 7387167 
1 | „ rn 30439 
W 39.89 
1 1 A 
64 | Th - 5 : N72 63 8904 
. 44 ur mm 
(27 r - 22 ONE 


with the ſame at Large) that it's needleſs to give any fart 
Explanation of it. E He | 


ao ; 1 * 


. 


Sect. 3. To Reduce Uulgar Fraaions int Detimals, 
: the. contrary. yx. 


Mas ac = 


Any Fillgar Fraftion being given it may be Reduced, or rath 
Changed into Decimal Parts Equivalent to it. Thus, 


5 Annex Cyphers 20 the Numerator, and then Din 
Rule, < #7 by rhe Depominator, the Quotient if be. rhe 


5 


2 = 2 — — = = — — — — 
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* rie _ * 


wo 


Example. 


"Tis rechuired to Change or Reduce into DeCimats. 8 
4) INDE Gy The Decimal Parts required. n 


hat is, 2128,75. 


ain Z=,5 Thus 2) 1,0 (,5, And i=,25 40 T 50 2 
EE Fake 2 Ag e be Of 

7) 4,0000000000 (6571428514 &c. 23. 
= Note, When the laſt: Figure of the Done (That fs: 9 
enominator of the propoſed Fraction) hap . to be one of t theſe 
agures; viz. 1. 3.) or 9 (as in the laſt Example) then the 
eimal Parts can never be preciſely Equal to the 
raction; yet by continuing the Diviſion on, you ma 12 
hem to be very near the Truth. As in this Example ; 5 
Wt was requied to Change +5 into Decimal Parts. 


13), 1,0000 (197699301692397 Ge. 6s infieizum. 


1 yu 


151 4 | 
$5 50 | That is, 0,01692307692307=12 ere. 
120 And from hence it may be farther 
117 _ . - obſerved; That in theſe imperfect 
R Quotient, the Figures do return a 
. 5 and circulate in the ſame order as & ap 
— As you may eafily perceive they begin 
40 + to do inithe ſeventh place of both theſe 
39. : :odaft Bap 
118 2 


. ard. 


Theſe being underſtood, it will be eaſy to find the Decimai 
Parts Equivalent to any known Part or Parts of Coin, Weights, 
Meaſures, or Time, &c. If you Firſt Reduce the given Parts 
of Ccin, &c. into a Vulgar Fraction, whoſe Denominator is the 


Number of thoſe known Parts contained in the Integer, and che 
given Parts its Numerator. 


Examples in coin, Sc. | 
1. Let it be Required to find the Decimals of 16 8. 6 4. 
Firſt 16 5. s of one Porrr:d, and 6 d. s of 1 J. 


But 2 P = 3. Then 40) 33,000 (,82 5 the Decimal Paris 
Required : That is, „82 5 216 Cf. 64. © 


Again, «Suppoſe it were een to find the + Decimal Equal 
60 34135 4% no, # -H 
Here 


) 


——— — — — —— 
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„ 7 is + Tut ers, and 13 — of 1 4. and 44 
ra ma hen 240) 260,000 (3,666665, . 
Heme! 831 135. NI 3,666666, So. As was required. 
2. What are the Decimals equal to 13. Inches, one Foot bein 

3 the Integer. 

Firſt, 7 Inches are 2 of 1 Foot, and 3. of 1 Inch are 2. 
But GFA: Then 48) al 76483 £9c.=7 Inches. 
3. Let it be Required to Change 8 f. 19 Pur. 8 Grains in 
Decimals; one 1 roy being the Integer. 
I beſe being Reduced into their leaſt Terms, and Added u 
gether will hy Zs Of 1 lb. 
Then 5760) 4304,00 („az, c. The Decimals require | 
: thus may any prop ſed Parts of Coin, Weights, Mea uri 
&c. be Reduced or Chan gps into Decimal Parts; which 
rhaps may at firſt ſeem ſomewhat tedious in Practice, bull 
bein a little acquainted with them it will be found very aß = 
and the ingenious Practitioner will (with a little Confideratiof 
ſoon. "End ow to Reduce them almoſt mentally ; or with th: 
help of a very few Figures; without the «Uſe of ſuch lar: 
Tables as are uſually i — | in Books of Decima Arithmetic, 
ot at moſt they may be contracted into ſuch as theſe following; 
which if duly applied to thoſe Tables in Chap. 3. will be fon 


1 Deaimai Te ables, 


3- 30 JT 14 "Toeraupors eig br. 


* O, 7. . IS. f 1 05625 21 Ounce. 

[ 00041666 7=1 d. Ds r Drac hm 
17 r Farthing. 1, tb being che lern. 
/. being the Integer. 1 

, ! ee, ——— | _ 

VF oy Weight. bo Great Weight 

| $05++ +. = Pwr. o, 2 3 98. | 
:Oano8i33= Grain. 0,00892857=1 th. 


I, J. bei ne FE | 0,00055803=1 Ounce, + 
* 1 1, C. being the Integer. 


— 


Apothecaries Waights. | |} Time. 
Jona.. . . = Drachm o, 416666 j Hour. 
| ©,04166667=1 Þ | | 0,00069444=1 Minute. 
ces Grain. Ido, ooool 157 = Sec 
| og os the Inzeger. | 1, Day or 24 Hours being 
$949 made the Integer. 


d U 
The The Uſe of theſe Tables will be evident by the following. 
ExamPp! 6 
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| Bram. 

Let it be Required to find ny Decimal Parts Equiralent fo 
W 5. 0 4. 2 Farthings.. 
ct, o, 05 = s. "Therefore 17 85 i : 
BY 1004166=r d. Therefore 0041 889203745425 
| Alſo 2) 004166 (= —— 


r their Sum, viz. O, 889 5 772171 7 
Now to find the Value of Decimals, in known Parts of Coin 
Weights, &c. is only the Converſe. of the former Work. And 
thus performed. 
= Multiply e given Decimals avith the Denominator Subs 
Wulgar Fraction required: That is, Multiply 2h Decimale 
b ſuch à Number / Units as are contained in the next 
ver Denomination of that Kind or Species which yo ur 
-cimal 15 of: And the Product will be the Number ns rp: 
3 Example. 
1. What is the Value of o, 82 Decimals of 1 Pount Stertdng, 
at is, how many Sh:/}1ngs, Pence, &c.—,$25. Firſt, the next 
over Denomination is 20, becauſe 205. make one Pound, 
bY Therefore o, 825 


I; 


20 
Shillings 16 70⁰ And Parts of x Sbilling. Op? 
Pence 6 00 Anſwer 0,82 516 8. 6 d. 


N gain, What are the known Parts of Engliſo Coin NT to 
$66666 Decimals. | 


Here the 3 Inregers are 3 Pounds. Then GGG 


1 
i, I 2333520 
| 3 3 

ſwer 3.666666 83 J. 135. 4 2 6 BA 
| 2 . 33332 


#® 


Pence "3,999840 
What is the Value of 0,74722 Parts of 1 5 70 YOY. 


Fit, 74) 22 Then, ,96664 Again, 5 

IS 20 + 2& 
— ' — : 

I 49444 Pavrs. 1 7973 1235 1.3312 
2 6659, 
$,96664 5 Pur. 60. 779870 | 
Theſe Collected are 8. 19. . very near. And 


22 Arithmetick. Parti] 
And thus any propoſed Number. of Decimals may be turn! 
| ar chang' d into rhe known Parts of what they repreſe 
2 8 they be t or Coin, Werghts, \ Meaſures, N | 
me, 
I have omitted inen ke "Exantples of this kind; becuili 
I take the Excellency; and indeed the chief Uſe of Decinl 
Fraftions to conſiſt more in Geometrical Computations, than uf 
the Common or Practical Parts of Arithmetick (as will appeal 
further: on) although even in thoſe they àre very uſeful up 
ſeveral Accounts Eſpeclally in the Computations of Intereſt ai 
Annuities, &c. 7 But of that more in its proper Place.) I ſhi 
therefore conclude this CH 1 with a Remark or Two es 
Nature and Fropertiet of Fraftions in General. j 
If auy given Number (whether it be Nhole er Mix'd' ) if 
Multi plied with a Fraction either Vulgar or «Decimal; tl 
Produtt will be Leſs than the -Mlrlplicand, in ſuch a Prop6#tin 4 | 
as the Multiplying Fraction is Leſs than an Unit or 1. | 
That is, as the Depeminator of the Fraction ig to irs Num 
tator; ; ſo will-the given Number be ro. the Product. þ 
Therefore, whenever : any Number is to. be Multiplied with 
Fraction, whoſe Numerator is an Unit. Divide that Number wal 
the Denominator of the Fraction, and the Quotient will be tn 
Product required. Thus 12X4=3. And 12 =. Agi 
12 K C. And 12 26, Ce. q 
From hence it follows, that if any Number be Divided by il 
Faction, the Quotient will be greater than the Dividend, Wl 
ſuch a Proportion as Unity | is greater than the Dividing Frafti ; 
Thus 12 =4=48, viz. „ 1: : 12: 48, Ce. But the Tru 
of theſe will be dent underitogd after . next . 5 


8 


* 


ens. VI. 


of Continue Popolitions, and how to Change or Vary if 
-- Orae r of Things. = 


Sect. . Concerning Arichmetical Progreſſion, wm: call 
Alrithmetical Proportion Continued. 


HEN any Rank or Series of Numbers do either Incres 
or Decreaſe by an Equal Interval or Common Different 
thoſe Numbers are 8 to be i in e Progref ons 


$ % &'S >. 


a. {0 — 1 — ek 


— — 8 tt "AY 
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5.6.7. Oc. 5 9 Here the Taterval of 
5 1 „ „ Common Difference is 1* 
IO. 12. 14. Cc. Here the Common 
9.11. 13. Oc. J Difference is 2. 

And ſo * any other Series, whoſe Common Difference is 
4. 1. W6« | 


95 
3 
„. 
537 


I Lemma 1. W | 
lt any three Numbers be in Arithmetical Progreſſion z the 
* of the two Extreams (vis. the Firſt and Laſt) will be 
val to the Double of the Mean or middle Number. : 
As in theſe 2. 4. 6. Or 3.6.9. Or 3 . . 11. 
Vis. 2+6=4+4. Or 3+9=6-+6. And 3f11=7-+7. c. 
ä Lemma 2. | 

If any Four Numbers are in Arithmetick Progreſſion, the Sum of 
gc two Extreams will be Equal to the Sum of the Two Means. 


grin the 2 5. 6. % Of 3. CC. 0 1s. 
Viz. 2+8=4+6. And 3+12=6-þ9. Oc. 

| Corollary 1. 
From theſe two Lemma's it's eaſy to conceive, that if never 
any Numbers be in Arithmetick Progreſſion, he Sum of re 
2 Extreams % be Equal to the Sum of any Teo Means, 
are Ezually diſtant from thoſg Extreams. 
As in theſe, 2.4.6.8. 10. 12 . 14 . 16, 
Then 2+16=4+14=6+12=8+10. 
3 Or if the Number of Terms be odd as theſe. 
ef - Go ↄ 3%, 14. 18 . 186. + 
Then 2+18=4+16=6+14=8+:12=10+10. 
: Lemma 3. 
Every Series of Numbers in Arithmetick Progreſſion is 
Wm poſed of the Trterval or Common Difference, ſo often 
Peated as there are Terms in the Progreſſion except the Firſt. 
As in theſe, 1. 3. 5. J. 9. 11. 13. 15. 1). Oc. 
ere the Iarerval or Common Difference being Two, it will 
12 z. 3+2=5. 5 T2 =. Y) Tz. gÞ2=ll- 
2 TF2=15. I3+2=1 5. I5Þ2=17, Sc. 
8 Corollary 2. | 
Hence it's evident, that the Difference betwizt e T 
treams (viz. 1 and 17) is compoſed of the Common Difference, 
Itiplied into he Number of a the Terms excepring the 


i in the aforeſaid Progreſſion, 1. 3. 5. J. 9. IT 13. 15. I7- 
* : The 


" Arithmetick. 


The Number of Terms without the Firſt is 8 J 1%, 
The Common Different is 2 $ Mult fly 


The Difference betwixt the two Extreams 16 
Propoſition 1. 

In any Series of Numbers in Arithmetick Progreſſion, the 
Fxtreams, and the Number of Terms being given; thence 
find the Sum of all the Series. | 

Multiply the Sum of the two Extreams into tiff 

Th Number cf all the Terms; and Divide the Produ 
ID ) by 2. 7 he Quotient will be the Sum of all th 

| Series. Per Cordl. 1. 


j IS 
4 


Part ii 
— 17 


Example r. 1 
'Tis Required to find the Number of all the Strokes a Clo 
firikes in one whole Revolution of the Index, vis. Twelve Hou 
Here 1-+12=13 the Sum of the two Extreams. 


12 the Number of all the Terms. 


— — 
26 
13 


Then 2) 156 (78. The Number of Strokes Required. 
Example 2. 4 

Suppoſe one Hundred Eggs were placed in a Right Line lf 
Yard diſtant from one another; and the firſt Egg were a Yar 
from a Basket; whether may a Man gather up thoſe 100 EN 
ſingly one after another, nigga ping, with every Egg to tl 
Basket and put it in, before andther Man can Run Four Mil 
That is, which will run the greater Number of Yards. | 


In this Queſtion 200+2=202 Is the Sum of the Two Extr. BR 
| And 100 Is the Number of all the Ter 


The Number of Ta 
Then 2) 20200 (10100 he runs that takes 
(the Eggs. 


Now 4 Miles=7040 Yards 1 The Yards he runs that takes up th 
But 10160—7049=3060 L Eggs more than the other. 


| Propoſition 2. 

In any Series of Numbers in Arithmetick Progreſſion, the Ti 
Extreams and Number of Terms being given; thence to find ti 
Common Difference of all the Terms in that Series. 

T he Difference betwixt the Tre Extrem 

Theorem 2. Jh Divided by the Number of Terms 4e 
e1 *1 :* }Unir af i. The Quoticut will be the Co 
Difference of the Series. Per Corol. 2. 

f Exam 


— 
——_ 
- 
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Example 1. 


One had Twelve Children that Differed alike in all their 
Ages; the, Lounges was Nine Years old, the Eldeſt was 
W'birty Six and a half; what was the Difference of their Ages, 
d the Age of each? 
ere 36,5—9=27,5 The Difference of the T'wo Extreams. 
And 12—1=11. The Number of Terms leſs an Init. 

en 11) 27,5 (2,5. The Common Difference Required. 
onſequently 5+2,5=11,5 The Age of the Youngeſt but one. 
ud 11,542,5=14 The Age of the Youngeſt but two. And ſo 
Wn for the reſt. per Corol. 2. 


Example 2. 


A Debt is to be Diſcharged at Eleven ſeveral Payments to be 
Wade in Arithmetick Pregreſſion. The Firſt Payment to be 
WT welve Poumds Ten Shillings, and the Laſt to be Sixty Three 
BP 0:4. What's the whole Debt, and what mult each Payment 
| Per Theorem x. Find the whole Debt thus : 
12,5+63=75,5 The Sum of the Extreams. , 

11 The Number of Terms. : | > 

* 
755 


2) 830, 5 (41 5,25 2415 l. 5 5. The whole Debt. 
Then per Theorem 2. Find the Common Difference of each 
ayment. | 28 
Thus 63—12,5=50,5 The Difference of the Extreams. 
And 11—I1=10 The Number of Terms leſs 1. 
hen 10) 50,5 (5,05=5 J. 15. The Common Difference. 

J. S. J. 5. * 5. | 
quently I 6 LEES . I=L7 . 11 The Second Payment. 

. S. „ „ . S. 
nd 17. 11+5 . 1=22 . 12 The Third Payment, Sc. 


Example 5. 


A Man is to Travel from London to a certain Place in Ten 
lays, and to go but Two Miles the firſt Day, encreaſing every 
=) Journey. by an equal Exceſs ; ſo that the laſt Days Journey 
be Twenty Nine Miles; What will each Days Journey be, 
abo many Miles is the Place he goes to, diſtant from Zo _ 
L 2 Fir 
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Firſt 29—2=29 The Difference of the Extreams. 
And 10—1=9 The Number of Terms leſs 1. 
Then 9) 2y (3. The Common Difference. 
Coni:quently 2+;=5. The Second Days Journey. 
And 5+35=$: The Third Days Journey, Oc. 
Again 29 z zi The Sum of the Extreams. 
10 The Number of Terms. 
2) 310 (155 The Diſtance Required. 


There are Eightcen Theorems more relating to Queſtions iff 
Arithinenck Progreſſion ; but becauſe they would Require if 
great many Words to ſhew the Reaſon of them: I therefore reſa 
the Reader to the Second Part, vis. That of Algebra, when 
he may find their Analitical Inveſtigation. | 


— — A — 
— i — 


— 


Sect. 2, Concerning Geometrical P2opoztion Continued; i 
ſometimes called Geometrical Pregrefſion. = ö 


When a Rank or Series of Numbers do either Increaſe by off 
Common AMiultiplicator, or Decreaſe by one common Diviſ 
thoſe Numbers are ſaid to be in Geometrical Proportion continu 
AL 4. 8. 16 . 32. Cc. here 2 is the common Aulti pli 4 

64 . 32 . 16 « 8. 4. Cc. here a is the common Diviſer i 
Or 2: 6 . 18 . 54, 162. Sc. here 3 is the common Mwultiplin 
d 162. 54. 18. 6. 2. here 3 is the common Diviſor. 


Note, The common Aſultiplier (or Divi ſor) is called tui 
Ratio; and it ſhews the Habitude or Relation the Numb" 
have to one another, vi2, whether they are Double, Trip 
Quadruple, c. which Euclid thus defines. * | 

Ratio (or Rate) js rhe mutual Habitudo or Reſpect of 7 
Magnitudes (conſequently Two Numbers) of the ſame kind ea 
to other, according to Quantity. Eu. 5. Def. 3. ; 

Proportion (rather Proportionality) is a Similitude of Ration 
. 

So that there cannot be Leſs than Three Terms to Form 
Protortienality or Similitude of Ratio's ; and if but Thi 
Terms, the ſecond muſt ſupply the Place of Two, As in thi 
2. 4.8. Thatis, 2:4: :4:8. (of:: ſee page 3. 

Here 4 the Middle Term ſupplies the place of Two Term 
to wit, of the Second and Third; $ bearing the ane Bend 
? | | Likenen 


hap. 6. | Of P2opoztion, 8c. | ; 77 


eneſs, or Proportion to 4, As 4 dothtoz. Via As z ls to 
: 80 is 4: to 8. 


Lemma I. 


it three Numbers are proportional, the Rectangle or Produtt 
dme Two Extreams; vis. of the Firſt and Laſt Terms will be 
val to the Square of the Mean or Middle Term. (20 Eucl. 3.) 
W As in theſe 2: 4: 4: 8 Here 8X2=16 the Product et the 
rtreams. a 

And 4x4=16 the Suare of the Mean. Ergo 8X2==4X4. 


Corol. 1. 


Hence it follows, That if the Product of any Two Numbrrs be 
WE qual to the Szuare of a Third Number; thoſe Three Numbers 
il be in Proportion. 


Lemma 2. 


ilk four Nmbers are proportional, the Product of the Two 
treams, will be equal to the Product of the Two Means. 
H Euclid y.) . 
7 As in theſe, 2:4::8:16. Here 16X2=32., 
And 8X4—32. Conſequently 16X2=8 x4. 


Corol. 2. 


Von bence it follows, That if the Product of any Two 
ombers, Ve Equal to the Product of any other Tuo Numbers, 
ee Four Numbers are Proportionals. 

And from theſe two Lemma's it will be eaſy to conceive, that 
deer ſo many Numbers are in continued Proportion; the 
07/7 of the two Extreams, will be equal to the Product of 
Wy Iwo Meas, that are equally diſtant from the Extreams. 
/ As in theſe 2 . 4.8. 16 „ 32.64 6 


= 64X2=32X4=16X8, Cc. And if the Number of Terms 


As in theſe 2. 1 64 128 Oc. 
Then 128X2=64X4=32X$=16X16. 


Note, T he Character made nſe of to ſignify continued Pro- 
In 


icnals is = © 
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In every Series of = (viz. of oontinued Propertiofh ) thy 
Number which is compared to another, is called the Antecegsy 
of the Ratio; and that Number to which it is compared, 
called its 1 | | 

As in theſe, 2:4::4:8. Here 2 is the Antecedent, ail 
4 is the Conſequent ; and 4 the middle Term is an Antecedent if 

& its Conſequent : Whence it follows, that in every Series of = if 
the middle Terms between the Firſt and Laſt are both Ant«M 
Aent and Conſequents. N f 

As in theſe, 2. 4. 8. 16. 32. 64. Sc. Here 4.8. 0 
32 are both Conſequents and Antecedents. | 
For 2:4::4:8::8:16::16:32:: 32: 64 Oc. 
So that all the Terms except the laſt are Autecedents. Al 
all the Terms except the firſt are Conſequents. 


* 


Lemma 3. 


If never ſo many Numbers are Proportional, it will be: 
any one of the Antecedents is to its Conſequent : So will the 
of all the Antecedents be; To the Sum of all the Conſequenil 

'(12 Euchd 5.) | 3 
ä That is, in the foregoing Series. 


2 : 4 :: 2+4Þ+8þ16+32 : 4+8+16+32 +64. 4 

For it's evident, that 4+8+16 +32+64 the Sum of all tl 
Conſequents, is double to 2+4+8+16-+32 the Sum of all ti 
Antecedents; As 4 is to 2, according to the Ratio, and wolf 
hare, been Triple, or Quadruple, Ec. had the Ratio been; 

Sc. | 3 ; 
* Note, In every Series of = the Ratio is found by Dividi 
any of the Conſequents by its Antecedent. 

As in theſe, 2:6 :: 6: 18 :: 18 1 54 :: 54: 162. 
Here 2) 6 (3 the Ratio. Or 6) 18 (3 Oc. | 
From the Second and Third Lemma's may be raiſed Ti 
General Theorems or Rules, for finding the Sm of any Sl 
in = without a continued Audition of all the Terms. 


Let the Series 2. 4. 8. 16 . 32 . 64 . 128 . be giv 
find its $1177, + | | 


f 


Suppoſe 2=the Sum of all the Terms. 
Then will 2— 128 the Sum of all the Antecedents. 
And 2—2=the Sum of all the Conſequents. 
But 2 : 4 :: 2—128, : 2—2 . per Lemma z. 
Ego 4%=— 512==2S==4 . Per Lemma x. 
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| Conſequently 4I—223=5I 2—4. 
8 312— 4 
Theorem. 5 Ga 1 words at Length thus. 


From the Product of the Second and Laft 
Terms, Subſtract the Square of the Firſt Term; 
ecrem 1. < that Remainder being Divided by the Second 
Term Leſs the Firſt will give the Sum of all the 
Series. | 
or the Firſt Term, the common Ratio, and the Laſt Term 
only given. Then, 


Multiply the Laft Term into the Ratio, and 

from their Product Subſtract the ys Term 

eorem 2. ¶ Divide that Remainder by the Ratio Leſs Unity 

J or 1, and it will give the Sum of all the 
Series. : 


F For 42—22=512—4. As above. 
Wnſcquently 22—2=256—2 vis. the laſt Divided by 2. 


6—2 
Then e ee. Theorem 2. 
We: 2<—ſT, 
| % 
7 


Frm. Let 2.6.18. 54. 16: . 486. be the given Series. 
Wc 2 is the Firſt Term, z is the Ratio, and 486 the Laſt Term. 


But 486K 321458. And 1458—2=1456. 
Then 3—1=2) 1456 (728 the Sum required. 
That is, 72$=2+6+18+54-+162-+486- 


n either of theſe Theorems it is required to have the Laſt 
m known (the which in a Long Series of = will be very 
ious to come at by a continued Multiplicatiom, Ec. It will 
retore be convenient to ſhew how to obtain either the Lait 
n or any other Term, whoſe place is aſſigned ; without pro- 
irg all the Zerms. | 2 
n order to that, it will be neceſſary to premiſe the Coherence 
dImilitude that is betwixt Numbers in Arithmetical Progreſſion 
VIP thoſe in Geometrical Proportion. 

to any Series of Numbers in = when the firſt Term 1s not 
Unit or 1, there be Aſſigned a Series of Numbers in Arith- 
cal Progreſſion, beginning with an Unit or 1, and whoſe 

mon Difference is 1. Called Indices or Exponents. 


Thus „ Iudices. 
4, ic 33. 64: 1 Cc. = 


S 


Then 


— "I —_—_——. _ 


% Arithmetenxk Pani 


Then will the Audition or Subſtraftion of any Two of tha 
Indices (or Numbers in Arithmetick Pregreſſion) directly co 
reſpond with the Product, or Quotient of their reſpedh 
Terms in the Series of +> 1 


„ $ As 3＋4 7 | 
That is, 2 8 $516=128 the Seventh Term in = 


. e As 6+4=10. | | | 
Again, {'$ 64X16=1024. the Tenth Term in + 
As Y 328. As 6—2 24 
Or, 125 128 = $=16. Or, {8 64 4=x6 2&6 


But if the Series of = begin with an Unit, the H:4ices milf 
begin with a Cypher. | | 


. » TY WE ot . . „. C. 
As in theſe, 9 © + o'S 's . TEM 


Now by the help of theſe T4ices, and a few of the Eirſt 2 { 
in any Series of = It is plain that any Term whoſe Place. 
Diſtance from the Firlt Term is Aligned, may be ſpeedily . 
tained without producing the Whole Series. , 


: 
. 
l 


- Ty 
C 


Example 1. 


A Man bought a Horſe, and was to give a Farthing for the Fill 
Nail, Two for the Second, Four for the Third, Sc. In = t 
Number of Nails was to be 7 in ne Shoe, vis. 28 Nails ind 
What muſt he have paid for the Horſe ? | 


ES 1+ 2+ 4-44. be 
Pirſt | . 2. 4. B 16. 32. Fathimgs in 


5+5=10 I0+IO0=20 
In, 32X32=1024 And 1 1024x1024 1048576 
Again, ; 16X8—=128 Laftly, L 1048576X128=1 34217 


Which is here to be accounted the 28 and laſt Term. Becal 
the Firſt Term in the Serzes is 1. which doth neither Muli 
nor Divide. 2 8 

Now this 134217728 being the Number of Farthings to 
paid for the Laſt Nail, by it the common Ratio which is 2, # 
the Firſt Term which is 1. may be found the Sum of all! 
Series, per Theorem 2. | CE 

, 


lat. 8 ä „ 8 
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134217728 


2 


268435456 From this Product Subſtract r. 

WW. 268435456 — 1 226843 5455. Then 2—1=1 the Diviſor. 
Conſequently 268435455 is the Sum of all the Series or Price 
the Horſe in Farthings ; which being brought into Poumds, 


. (See Page 46) will be 279620 J. 55. 34. 3 4. | 
| Example 2. 


A cunning Servant agreed with a Maſter (unskill'd in Numbers) 
ſerve bim Eleven Years without any other Reward for his 
race but the Produce of one J heat Corn for the Firlt Lear; 
ad that Product to be Sow'd the Second Lear; and ſo on from 
War to Year until the End of the Time. Allowing the Encreaſc 
be but in a 'Ten-fold Proportion. * 22901 
= lis Required to find the Sum of the whole Produce. 
"1 ; I. 3 „ % „„ 
| IO . 100. 1000. I0000 . I00000 Meat Corus in 2 


en 7A 4 41 2 2 86 I Fs, 
1 LS 10000X100=10000co. the 6th Years Produce. 


d 5 6 + 132 11 
I . TOOO0DOKID0000==T00000000000. The Eleventh or 
=: cars Produce. 
hen, (either by Theorem 1 or 2) the Sum of all the Series 
i be, III IIIIII Io Corns. Now it may be Computed from 
Dae 31 and 34, that 7680 Wheat Corns round and dry out of 
middle of the Ear, will fill a Statute Pint. If fo ; 
Then 7680) 111111111110 (14467592 Pints, but 64 Pints 
> contained in a Buſhel. | N 

herefore 64) 14467592 (2260564 Buſhels. Suppoſe it to 
bold for 3 Shillings the Buſhel ; \ 
E Then 3 2260565 
I 3 
Shillings 6781682833908 J. $5. 424. A very gocd 
:zcompence for Eleven Years Service. 


There are ſeveral pretty Queſtions Reſolved by Numbers in 
hmetical Progreſſion ; And by thoſe in which the ingeni- 


ect. 


M 


8 Learner will eaſily perceive hereafter; vis. When we come — 
the Suution of Lueſitons relating to Intereſt and Aunuities, &c. Fa 


There 


a» 


A—_— 


Arithmetich. 

There is alſo a Third Kind of Proportion, called Muſical 
which being but of little or no common uſe, I ſhall there 
ive but a Fu account of it. | 
Muſical Proportion or Habitude is, when of K Num) 
the Firſt hath the ſame Profortion to the Third: ; As d 
Difference between the Eirſt and Second hath to the Diſfereq 
between the Second and Third. | | 
As in theſe, 6. 8. 12. 98. 6: 12: 5 8—6 2 12—8 | 
If there are Four Numbers in Muſical Proportion, the Fill 
will have the ſame Proportion to the Fourth; As the Differen 
between the Firſt and Second . hath to the Difference betwilf 
the Third and Fourth. ; 

| As in theſe 8. 14. 21 . 84. 
Here 8: 84 :: 14—8=6 : 84—:21=63. 
That is, 8: 84 :: 6: 63. 1 
The Method of finding out Numbers in Miſſical Proportiiff 
is beſt expreſſed by Letters; as ſhall be ſhewed in the Age 


2cłk Part. | 


* 


e 


*. 


Sect. 3. How 10 Change or Uary the Order of Things, & ; 


This being a Thing not Treated of in any common Books f 
»Arit bmetick (that I have had the opportunity of peruſing) mi 
me think it would be acceptable to the young Learner to kn 
how Oft its pothble to Vary or Change the Order or Poſition 
any Propoſed Number of Things. 75 
As how many ſeveral Changes may be Rung upon 4 
Propoſed Number of Bells; Or how many ſeveral Variati 
may be made of any Determined Number of Letters; 
other things expoſed to be Varied. 3 

The Method of finding out the Number of Changes, is . 
ent1nual Multiplication of all the Terms in a Series of AH 
metical Progreſſionals; æchoſe I7rſt Term, and Common Ii 
rence 75 Unity cr. And Laſt Term the Number of T l 
Tropoſed to be Varied, viz. 1X2X3X4X5X6X7, Cc. As 
appear from what follows. YET ON 


1. If the things propoſed to be varied are only Two, tl 
admit of a double Poſition, as to order of Place And no na 


Thus, 1 7 ; : lx. 
. And if Three things are propoſed to be varied, they f 


es 


ap. 6. Of Pꝛopoꝛtion. e. 83 
I changed Six ſeveral ways; As to. their order of Places; And 


more. 


For beginning with x there will be 1 n ; 


2 
3 

Next beginning with 2 there will be 4 = 5 

Again, beginning with 3 and it will be 3 - 3 

Which in all make & or 3 times 2. vis. 1X2X3= 


z. Suppoſe Four things are Propoſed to be varied; 


en they will admit of 24 ſeveral Changes, as to their Order 
WW Diftercnt Places. 


„ 

N e 3 

For beginning the Order with 1 it will be/1 + 3 2 + 4 
„ „ «2 

Here is Six Different Changes. 5 
s T- 4-43 2 


And for the ſame Reaſon there will be 6 Different Changes 
en 2 begins the Order, and as many when 3 and 4 begins the 
aer; which in all is 24=1X2X3X4. And by this Method of 
coceeding, it may be made evident, that 5 2 admit of 120 
cral Variations or Changes; and 6 Things of 720, Sc. As 
this following Table. 


— 


e Number] 7 be manner howh T he different Changes or 
=  T7hinzs| their ſeveral} Variations every one of 
propoſed to] Variations are] the propoſed Numbers 
be varied. Produced. | can admit of. 


I XI] =4 

| 1X22 

| 2X3] —=6 

6X4] =24 

24X5]=1I20 

| T20X6|—7J29 
12O0X7]| =5040 
5040X8|=40320 

 49320X9|—2362880 

| $362880X10|—3628800 

11 . 3628800X11 =39916800 

I2 39916800 X12!|—479001600 . 


— — 


. 
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Theſe may be thus Continued on to any Aſſigned Numb: 
Suppoſe to 24 the Number of Letters in the Alphabet, whiahl 
will admit of 6204484017332 3943935 O ſeveral Variations. 

From theſe Computations may be ſtarted ſeveral pretty, an 
indeed very ſtrange Queſtions. | 


Examples. 


Six Gentlemen that were Travelling met together by Chan 
at a certain Inn upon the Road, where they were ſo pleat 
with their Hoſt, and each others Company, that in a Frolid 
they made a Contract to ſtay at that Place, ſo long as thei 
together with their Hoſt, could fit every Day in a Different Ord 
or Poſition at Dinner; which by the foregoing Computatia 
will-be found near 14 Years. For they being made y with the 
Hoſt, will admit of 5e40 Different Poſitions ; but 5040 bein 
Divided by 365; the Number of Days in one Year, will give 
Years and 291 Days. A very pretty Frolick indeed. 
I have been told, (That before the great Fire of Londn 
which happened Azzo 666) there was 12 Bells in St. Mary l 
Bows Church in Cheaꝑſide, London. Suppoſe it were Requir 
to tell how many ſeveral Changes might have been Rung upal 
thoſe 12 Bells: and at a moderate. Computation how long iſ 
thoſe Changes would have been Ringing but once over. 


b | 4d ; OO 
e 4 Ce a 


4 


— þ ; 
> 3 . 


8 > 


Firſt, IX2X3X4X5X6X7X8 X9XIOXIINXI2==47go001600 I 4 
Neuber of Changes. | : 


Then ſuppoſing there might be Rung 10 Changes in ol 
Minute: wiv. 12XI0=120 Strokes in a Minute, which it 
Strokes in a Second of Time; now according to that rate tha 
mult be allowed 47900160 Minutes to Ring them once over 
ail their Different Changes; viz. 10) 479001600 (47900160. 

In one Year there is 363 Days, 5 Hours, and 49 Minu 
whach being Reauced into Minutes, is 525949. | 


Then 525949) 45909160 (91 Tears and 26 Days. 


So long would thoſe 12 Hells have been continually Ringi 
without any Intermiſſion, before all their Different Chal 
could have been truly Rung but once over. Tis ſtrange, ® 
Toms almoſt incredible, that a few Things ſhould produce ſud 

axicties. . 


Peer Of Broportion, .. By 


But that which ſeems yet more ſtrange and ſurpriſing, yea, 

en impoſſible to-thoſe who are not a little vers'd in the power 
W N:bers, is, that if two Bells more had been Added to the 
reſaid 12, they would have advanc'd the Number of Changes 
Wd conſequently the Time) beyond common belief. For 14 
 #h r require (at the ſame rate of Ringing as before) a- 
Nut 16575 Pars to Ring all their Different Changes but once 


er. 
And if it were poſſible to Ring 24 Bells in Changes, and at the 
ne Rate of 10 Changes in a Minute, which is 2 Strokes in one 
ond; they would require more than 117000c00000000000 
„ to Ring them but once over in all their Different Changes; 
may eaſily be computed from the precedent Table. 


— — — 


CH AP. VII. 
W/ Pꝛopoꝛtion Disjunct ; commonly called the Golden Rule. 


WD ? or:107 Disjunct, or the Golden Rule, is either Direct or 
=_ Reciprocal, called Inverſe. And thoſe are both Simple and 
ound. 3 | 

Sect. 1. 


Direct Proportion is, when of Four Numbers, the Firſt bear- 
che ſame Ratio or Proportion to the Second; As the Third 
Ich to the Fourth. 

4 As in theſe 2: 8: : 6: 24. 
Conſequently, the greater the Second Term is, in relpes to 
| os F the greater will the Fourth Term be, in reſpect to 
Third. 4 

_ | is, as 8 the Second Term, is 4 times greater than 2 the 
i 7 er: : So is 24 the Fourth Term, 4 times greater than 6 
bird Term. | . 
hence it follows, that if Four Numbers are in Direct Pra- 
7, the Product of the Two Extreams will always be Equal 
the Produtt of the Two Means, as well in Disjunct as in 
tinued Proportion; according to Lemma 2. page 77 


For As2:2%X4::6:6X 4. Or As 3:3X5::6:6X5, 
e 2X6X4=2X4X% Or 3X6X5=3X5.X6, 
at is, the Product of the Extreams is equal to that of the 
ANS, 


. 
1 


Again, 


-— 


— —— —— — 
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4 * 8 * 
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Again, the Leſs the ſecond Term is, in reſpect to the Fit : 
the Leſs will the Fourth Term be, in reſpect to the Third. 


As in theſe 18:6:: 12: 4. 

| That is, 18:18 + 5 ::12: 12 = 3. | 

_ Buti8X12=3=18+3 K 12. Viz. 18 X4=6 N12. 
Conſequently 2. 8. 6. 24 Ard 18.6.12. 4. are 11 

Proortionals, per Corol. 2. page 77. A 


From theſe Conſiderations, comes the Invention of finding 
Fourth Number in Proportion to any Three given Nm 
I hence it's called the Rule of Three. | 3 
For if the Second Number AMultiplicd into the Third, be eq 
to the Firſt Aſultiplied into the Fourth, it is eaſy to conceiniM 
that if the Preduct of the Second and Third be Divided by 198 
Firſt, the Quotient muſts needs be the Pourth Number. Fol 
that Number which Divides another, be Multiplied into tl 
Quotient roduced by that Diviſion; their Pyreduct will 
Equal to the Number Divided. See Page 21. NB 

As in theſe 2:8:;:6:24 Here 8X5—48=24X2. 


But if 24x2=48. then will 48+ 2=24- Or 48+ 24=2. 


Note, Any Four Numbers in Direct Proportion may be 
ried ſeveral ways. As in theſe. 

Viz. If 2:8: 6:24. Then 2:6 :: 8:24. 

And 6: 24: : 2: 8. Or 24:6: : 8: 2. &c. 


T hefe Variations being well underſtood, wwill be of uo ſi I 
ſe iu the true ſtating of any Queſticu in this Rule of Three 


When Three Numbers are given, and it is required to find 
Fourth Proportional; the greateſt Nifficulty (it there be an 
will be in the Right ſtating the Queſtion, or Abſtratting i 
Numbers out of the Words in the Queſtion, and placing tha 
down in their proper Order. : 7 

Now this will be very eaſy, if it be truly conſidered, that 
ways Iwo of the Three given Terms, arc only ſuppoſed, 
aſſign or limit the Ratio or Proportion. The bird moves "i 
Queſtion ; And the Fourth gives the Anſwer. 

As for Inſtance ; If 3 Yards of Cloth coſt 9 Shillings : V 
will 6 Tards coſt at the fame Rate or Proportion? 

Here ; Yards, and 9 Shillings, are Iwo ſuppoſed Num 
that imply the Rate; as appears by the Word [if}, viz. if 
Yards colt 9 Shillings (then comes the Preſtion) What "i 
6 Yard; colt ? | | VI 


hap. 7. Of Pꝛopoꝛtion, &c. 87 

NB. The Term which moves the Queſtion hath generally 

ie of theſe Words before it; vis. What will » Pow many ? 

long Mow far * or, How much? Kc. 

Then (carefully obſerve this ; vis.) The Firſt Term in the 

poſition muſt always be of the ſame kind and Denomination 

Ich that Term which moves the Queſtion. And the Term 

abt will always be of the ſame kind and Denomination with 
Wc Second Term in the Suppoſition. 

yas foil. yas foil. 

Tom, POO IS. Then 

All Queſtions in Direct Proportion may be Anſwered by 

ree ſeveral 7 heorems. 


Multiply the Second and T hird Terms together, 
eorem 1. 


and Divide their Product by the Firſt Term 
the Quotient will be the Anſwer required. 
yas ſbil. yds ſort. 
Thus 3:9:: 6: 18. The Anſwer. 


Wo 3 becauſe the Second 
3) 54 (18 Sbillings, Term was Shillings. 


¶ Divide the Second Term by the Firſt, then Mul- 
corem 2.Y tiply the Quotient into the Third Term; and 
their Preduct will be the Anſwer required. 


ads foil. gas ſoil. 
2. 2-4 Fe 2 18. 
Thus 3) 9 (=;. Then 3618, as before. 
Divide the Third Term by the Firſt, then multi- 


eorem z. ) piy the ow into the' Second Term, and 
their Product will be the Anfwer. 


was foil, yds ſpit. 
= 4-2.0-4.3.63 Ihe FACS 
Thus) 6 (Sz. And 9X2=18. as before. 


5 


"1" Fu * If 9D © 4 3 6 2 G * 1 * 4 IKE 


* * . 
. _-_ 22 
4 


” 
of We „ N G 3 


ere you ſee that all the Three T heorems are Equally true; 
the Firſt is moſt General, and uſually practiſed. Yet the 
o laſt may be readily performed when cither the Second or 
ird Term can be Divided by the Firſt ; And will be found of 
zular Uſe in the Rules of Fellowſhip, &c. as will appear tur- 


r on. 


Nu. 
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weſt. 2. If 8 Pounds of Tobacco coſt 14 Shillings; Whaty 
half a hundred Weight (viz. 56 Pounds) coſt at the ſame Rani 


Thus 8 Ib : 145. : 56 : 41. 18s. The Anſcwer. 
14 


8) 784 (=98 5.4 J. 18s. 
Or thus 8) 56 (=7. Then 14x7=98 5. as before. 


Queſt 3. If 14 Shillings will buy 8 Pounds of Tobacco ; 
much will 47. 18 f. buy after the ſame Rate ? 


Stated thus, 145.: 8 16: : 40. 18 $.=98s. : — 
Then 98x8—=784. And 14) 784 (56th The Arfever. 


Deſt. 4. If half a hundred Weight of Tobacco be worth 
18 5.” How much may I buy for 14 HHillings at that Rate? 


Stated thus, 4 J. 18s.—g8s. : 56 B:: 145. : 
Then 56X14=784. And 98) 784 (8 ts The Anſwer. 


weſt. 5. Suppoſe 41 18s. will buy 56 Pounds of To] 
What will 8 Pounds of the ſame Tobacco coſt? © Ki 


This Queſtion is thus Stated, 56 B: 4.7. 18 5. 98 f. :: 8 bb: 
Then 98 XK 82784. And 55) 784 (=14 5. The Anſwer. 


Note, The Three laſt Drneſtions are only the Second vari b 
being propoſed purely to give an Inſtance how any Oneſtiu 
this Rule of T hree may be varied, according to Pace $6. 


Deleſt. 6. What will three quarters of a Tard of Velvet © 
when the Price of 21 Taras and a half is worth 22 J. 10 
This Oucſtion truly Stated will Rand | 


Thus, 2154s: 22 4. 10 5. 6 d. 2 © I 'To the Anſwer. 


Which may be found three ſeveral ways; viz. by Redufti 
by Vulgar Frattions ; and by Decimals. 


1. By Reduction. Bring the Firſt and Third Terms into 
Denomination; viz. into Quarters, and Reduce the Sed 
Term into its Leaft Denomination, fer Sect. 4. Page 42. 

Thus 21:=86 Quarters. And 22 J. 10s. 6 4.=5406 Pen 

Then 86: 5406: : 3: 155. 875 4. For 540K 321621ʃ 


— — 
= 4 * = _—— N = : 4 = = _ 4 l 2 = - _ 
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\nd 86) 162 18 (= t88 344. Then 18832 Pence 15 4. 
u Farthings; the Anſcver required. | 
W. The ſame Queſtion Rated in Vulgar Fraftions will ſtand 
Ws 2122 22388 358 : 4 (See Seft. 3. Page 50.) 
zess. And 53) *753 (Alis page 55, 36. 
beſe z fs, Parts of a Poum are brought into Shillings by 
Itiplying the Numerator with 20, and Dividing the Product 
ts Denominator, &c. Le eee 
WW hus 5406X20=108120., And 6880) 108120 (15 5. 
Ind there Remains 4920. Again 4920X12=5904 >, 
hen 6585) 59040 (8 4. and 35 Oc. as before. 


The ſame wrought by Decimal Fractions will be thus ; 
1,5 22/7. 10 5. 64.=22,525 and 12,3 
Wherefore 21,5: 22,525 :: 0,75 : to the Anſwer. 

hen 22,525X0,75=16,89375 

nd 21,5) 16,89375 (07857 /.=15 5. 8 4. 2 far. x. 


4 


Peſt. ). If 2 C. 3 grs. 21 i of Sugar coſt 6 J. 1 5. 8 4. 
Wt will 12 C. 2 475. coſt at the ſame Rate? 
' hat is 2 C. 3 Jr. 2116:67.15.84.::12C. 2 J. To what? 


; 
5 * 

Fr 
> 


Jaca 4 0 4 
—ů S].— — N 
' II qrs. 121 & $0 Js. 
; 28 1 2 
88 456 1500 Ib 
vari 22 121 . 


2 308 T 12329 lb 1460 4. :: 1400 6. 
en 1460X1400=2044000. And 329) 2044000 (6212 4 4. 
g 27 5: 54 4. the Anſwer required. 


eme Queſtion ſtated in Decimals will ſtand 

Thus 2,9375: 6 0833 :: 12,5 1 To the Auſwey. 

en 6,0833X12,5=276,04125, which being Divided by 
will give 25,8853 Sc. the Auſwer in Decimals, whic 
zht into Coin, will be 25 J. 175. 8 4 4. as before. | 

te, W hen the Firſt Term is an Unit or 1, the Queſtion & 
no <-<4 4 Multiplication o 


SOT 1227+. Suppoſe I give 5 Shillings 4 Pence for one Ounce 
ver, What mult I pay for 32 4 Ounces at the ſame Rate? 
FA That is 13: 55. 44. :: 3243 2 To, Ec. 
ach is beſt Stated thus 1: 64 d. 1: 3253 

N Then 


ent | 
52 10 


Fan f 


b 
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Then 32, 1 FN 13 5. 4 f. the. Anſer requin | 
For 1 neither Multiplies. por Dey es 1 

When the Second or Third em is an Unit or * then th 
us ſtion is Anſwered by Diviſion only. As in this Example 


If a ver Tankard weighing 21 Ounces, coſt 5 * I 9 K. Wh I 
that an Ounce ? 5 
Thus 21 C. 2 57. 19 1198.82 15 55.84. Th the Hifi I 
That is 21) 119 (=5 5. 25. $4. f 


The Proof of all Queſtious in the Rule of Three Direct, u 
be caſily conceiv'd from what hath been already faid ; wil 
That the P7edutt of the Firſt/and Fourth Terms, muſt always 
Equal to the Pyc duc of the Second and Third Terms. | 

Or otherwiſe, by varying the Queſtion, as in the Secu 
Third, Fourth, and Filth Aueſtions. 

I ſhall conclude this Section with inſerting. a 2 Queſt i 
and their 4; * ers; caving their Work for the Learner's Prad | 


Cueſt. 1. What will the Carriage of 17 C. 3 478. 11 tb 0 : 
to, at the Rate of 75. the Hundred # 'S ; 
Anſreer 6 J. 45. 1130 


EC . 2. If GI. 45. 11 1d. be paid for the Carriage of 1 Tl k 
3 475. 11 ib; What was-paid for the Carriage of 1 #5? by 
Anſfeer 3 Fart bim 


Gueſt 3. A. Grocer bought 3 C. 1 qr. 14 th weight of Cn 
at the Rate of 25. 44. fer Pound, and ſold them for 52 J. '; 
Whether de be gain or loſe by the Bargain, and how much! 

Aunuſcter be gained 8 J. 129 


nel. 0 3 Draper, THEM of a Merchant Eight Pa 

of C,orh ; every Pack had Four Parcels in it; And each Pa 
contained Ten Pieces; Every Piece was Twenty-ſix Taras; 
gare after the Rate of four Potnds fixteen Shillings tor 6 f 
What came the Habt Packs to, and what was it worth 
Jara? 0, 
af: They came to 66561 And is worth 16 8. per 1 Yan 


Reſt 3 Merchant bought 4.36 Tards of Broad Cle 
er Tard; And ſold it again for 10 5. 44. ber 1 
Whar xn he I by the 436 Tard? 
| pe he gain'd 39k 155 44 


, . k 4 - + ww * 0 
FA © 


— 22 —-—a 3 „„ — "cw ,. . 
"Y 4 
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Oneſt. 6. A Goldſmith bought a Wedge of Gcld, which weighed 
5 Jer. 8 pre. for 5147. 75 What die he pay per Once 8 
F 4 oe ch. 3. $0 en. 
Oveſt. 7. What will 48 c2. 17 e. 20 Grains of Silver Plate 
une „ 408 15 of 55. 6 4. * Ounce? Y 
= JJ ĩ ĩ Je 13 6.04 OEM: 
duet. 8. If in Four Weeks one ſpend 13 5. 44. How long will 
Wn /. 6 5. laſt at that Rate of : 
= Anſ. 6 Years, 47 Days, 2 Hours, 24. 
ue. 9. What will the one eighth part of a Ship be worth, 
2Y 2 cb half is valued at 1013 2 10 by | | 4 | 3 

| I ein „eien Au ſtv. 253 J. 175. 6.4... 
Peſt. 10. The Sun is ſaid to perform one entire Revolution, 
360 Degrees) in the Space of 365 Days, 5 Hours, 48 Minutes, 
57 Seconds of Time, called a Tropical or Solar Near ; How 
ch doth it Move in one Day ? n 

bid? i 1% Anſw. 59. 8. 19 Cc. 


cl Qneſt. 11. Tf of a Yard of Velvet colt + of a Poumd Sterling, 
What will z of a 727, coſt of theſame Velvet at that Rate? 
& 4 | | Anſfee. 2481 S. 44. e 


1 | 
N. 


2 


=Y 


= 


* 
0 * 


i 
1 


« 


't. 12. Suppoſe 2 J. and 3 of £ of a Pound Sterling will 
3 Tards and © of + of a Yard of Cloth, How much will + of 


2 ä dp & 
ard colt at that Rate:? 
| Anſfw. 557% of a Pound==g 54x d. 


— 


dect 2. Of Recip2ocal P2opoztion ; t1ſurally called Th 
Rule of Three Inverſe. | 


Reciprocal Proportion is, when of Four Numbers the Third 
2, that which moves the Queſtion) beareth the ſame Ratio 
the Firſt z As the Second does to the Fourth. 

Therefore, the Leſs the Third Term is, in reſpect to the Firſt ; 
Greater will the Fourth Term be, in reſpect to the Second. 


Example I. 


t Sixteen Men can do a Piece of Work in Six Days; How 
ny Days muſt Eight Men require 'to do the ſame Work, at 
ſame Rate of Working? | hs : 
ere 'tis plain that Fight Men muſt needs have more- 
ic than 16 Men to de che ſame Work. Conſequently the 

N 2 greater 
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greater the third Term js, in reſpect to the Firſt, the leflery 
the fourth Term be, in reſpect to the Second. + | 
Example 2. If 8 Men can do a Piece of Work in 12 Da 
How many Days will 16 Men require to do the ſame Wor 
Here it is plain the fourth Term muſt be leſs than the ſecu 
becauſe 16 Men undoubtedly can do the ſame Work in leſs Tin 
than 8 Men can, k * 
From thefe Conſiderations, compared with thoſe in Page 
rxrill be eaſy to perceive, whether the Terms of any propi 
Queſtion are Direct or Reciprocal Proportion. | 
For when according to the true Meaning or Deſien of alli 
Queſtion 1 Proportion. More requires More, or Leſs requit 
Leſs, the Terms are in Direct Proportion, as in the laſt Sefting 
But if More require Leſj5, or Leſs require More, (as abu 
then the Terms ll be in Reciprocal Proportion. a 
The Manner of placing down the Propoſed Terms is the ſu 
in both Rules, viz. The firſt Term in the Suppoſition muſt be 
the ſame Kind and Denomination with the third Term wh 
moves the Queſtion ; and the Term ſought muſt be of the la 
Kind and Denomination with the ſecond erm in the Suppolitinh 
As jn the two laſt Examples. | 


| ; . Alen Days Men Day 
1... : Example r. 16: 6 35 8; —ö 
Thus, in Exam le a. 8:13 „ 1C--:3 — x 


The Queſtion being truly Stated, obſerye this Theorem. i 
| | Multiply the firſt and ſecond Terms togeti 
'Theorem. 77 Divide their Product by the third Term, | 

| Quotient will be the Anſwer Required. 

Thus in the ſecond Example 12X8=96. 

Then 16) 96 (=6 Days the Anſwer Required. 

That is, 16 Men may do the fame Work in 6 Days as 8 
can do in 12 Days. 
Now the Reaſon of this Operation, (and conſequently of 

T hecrem) is grounded upon this Conſideration ; vis. If 8 M 
require 12 Days to do the Work, *tis plain that one Man voi 
require 8 times 12 Days=96 Days to do the ſame Work, 
if one Man can do it in 96 Days, moſt certain 16 Men can dof 
in one 16th pant of that Time. Therefore 96 Divided by 16% 

ive the Antwer Required, vis. 16) 96 (6 as before, c. 
Lueſt, 3. Suppole 8co Soldiers were Beſieged in a Town, # 
their Victuals were computed to ſerve them Two Months (ot 

Days) How many of thoſe Soldiers muſt depart the Gariſon, f 

che ſame Victuals may ſcrye the remaining Soldiers 5 Months, 


t | ap. 7. Of P2opoztion, &c. 93 


he Queſtion truly Stated will ſtand 
Month Soldier Month Soldier 
Thus, 2 : 800 : 35 — 
2 
5) x600 (320 So many Soldiers may ſtay in 
the Gariſon. ; 
ſequently, 800—320=480 Soldiers that muſt go out of 


Gariſon, which is the Auſtrer required. 


882 1eſtion 4. A. Borrowed of his Friend B. 250 J. for Six 
nths promiſing to do him the like Kindneſs upon Demand: 
e time after B. defires A. to Lend him 400 /. the Queſtion 
ho _ B. may keep the 400 J. to be fully ſatisfied for his 

„ Kindneſs to A. 1 n 52 
mM 


|  Anſw. 3 Months 21 Days. 
Thus, 250 J. : 6 Months :: 4004. ; —— 
Ker. | | 


400) 1500 (3 Months. 
12 


3 
28 Days in one Month. 


— — — 


fl | 4) 84 (21 Days. | 


Nueſtion 5. If a Penny White Loaf ought to weigh Eight 
es Troy Weight, when Wheat is ſold 2 Six Shillings Six 
ce the Buſhel, What muſt it weigh when Wheat is ſold for 
r Shillings the Buſhel ? 
Anſfw, 10 0% . 18 pw .8 gr. 
$65.6 . d. : 8 o. :: 4. 48 4. To the Anfewer. 


f 
1 — — | 
ol 48) 6 24, (13 02. the Auſirer required. 
* * 
df 9 
0 144 
144 


/ (o : 
he Pop of this Inverſe Rune is cafily deduced from its 
rations; vis. The Product of the firſt and ſecond Terms, 
be equal to the Product of the Third and fourth * 
ore, 


| 

| 

iy 
1 
Bf 
B44 
1 
1 
| 
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Note, Any Queſtion that falls under this Javerſe Rule 
Reciprocal Proportzon, may be ſo Stated as to have its Term 
Direct Proportion; bx only changing 4 the Places of the firſt x 
third Terms in the S Thus, 

Oneſtion 6. If a Field will feed Eighteen Horſes for den 
* „ How long will it, feed Forty Two Horſes at the ſul 
Rate of Feeding? 

Firſt, 18 Horſes : 7 Wecks:: : 42 Horſes : 3 Wecks. 

Here the Terms are Hated Inverſly, an before, 8480 

Otherwiſe thus, 42 Horſes ceks : : 18 Horſes : ; Wer 
Then 18X7=—126. RON" e Weeks. - The TA 4 
2 | = Ve 


1 1 1 , 6 . * 
1 14 4 . L. P ; 4 0 IF 


— * ao \.55 ene = 
ett. 07 Compound 2opoztion : edna calle 1 : 
> Double Rule of Three. 43 


Compound Proportion (as tis here meant) is, when there; 
Five Numbers given to find out a Sixth Proportional; and til 
is generally performed by a Double Poſitions ; Lm is, by Star 
and Working the Queſtion at T'wo Operations; either in Dir 
or Reciprocal Proportion, according as the Queſtion requires 

And therefore it's called, The Dou ble Golden Rule ; 07 Dov 
Rule of Three. ; 

The Double Rule Direct is, when the Sixth Term or Num 
ſought, is found by Two Operations, boch of them in Din 
Proportion. 

Example 1. If a Hundred Pounds gain Six Pounds Inter 
in Twelve Months, How much will Three Hundred Pounds gi 
in Nine Months, at the ſame Rate? 


Firſt 100. : 61 2 300 J : 18 7. 
; Bt Kal 


The Intereſt of 30 


105) CI 018 1 for Twelve Months 


Monts Aſonthbs 


Then, 12: 18 J. 2292 * 10 f. 
9 


12) 162 (130. 105. The Anſwer requit 


I ſuppoſe the Learner will eaſily conceive the Reaſon of the 
Ivo Operarions. For, Firſt it's plain by Direct Proportion, | t 


if 100 J. gain 6 J. in Twelve Months, 300 J. will gala: 1870 


1 


the ſame Time, and at the ſame Rate. 045179 9 


4 q a 


— - 
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And by the ſüume Rule tis plain; that if 12 Months wil 
>duce or give 18 J. Intereſt for 300 J. chen 9 Months muſt nei: 


e 132 for the ſame Sum, VIS: 300 J. if 


Ne eee Rule of Three Inverſe is, when the Sixth: Terms 
Number ſought is found at 'T'wo Operations (as before). But 
e of them Requires an Anſwer in Reciprocal Proportion. 


Tul, (6 : 8 34 21 : 28. 


E 


2 | 8 8 
« , 
1 1 | | * 4 un—_—: 
f d % % b ---2 > 69 168 (28 Days 8 
e 2? is, if 6 Biiſpels avill ſerve 4 Horſes 8 Days, 21 Brſpels 


= [erve them 28 Days. 
2 wth, 4 5: aps ls 
in e next Pſition muſt be to find how Long the ſaid 21 Buſhels 
| ſerve 16 Horſes at the ſame Rate of Feeding: Tis plain, 
t 21 Buſhels cannot ſerve 16 Horſes ſo many Days as they 
| ſerve 4 Horſes; therefore this ſecond Poſition: falls in Rec:- 


te 


cal Proportion. 


Horſes Days Horſes Days © | 
Thus, 4: 28 16 7 the Anſwer Required. 


. 


vo fier the like manner any Queſtion in the Double Rule of 
the ee may be Anſwered by two fingle Poſiriors, if Care be taken 


Stating them Right, vis. Whether their Operation mult be 
formed by the ſingle Rule Direct, or Invefſe : 
ut all Queſtions in this Zouble Rule, where five Numbers 

propoſed to find a Sixth, may more cafily and readily be 
ſwered by one G2eral Theorem; which compriſeth both the 
rect and {verſe Riules ; without conſidering either of them, 
ng Deduced from the ſingle Operations before-going. | 
But firſt you mult carefully Note, That in all Sueſtions of 
Nature Three of the Five propoſed, Terms are always 
N. N Conditional 


Rt 
o 


— — _— 
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Conditional and Suppoſed; And that the other TWO moves 
Queſtion. As for Inſtance in Example 14. zl 

Viz. If 100 J. will gain-6 J. in 12 Months: | Theſe Thy 
Terms are only Suppoſed or Conditional. Then comes 
Queſtion; What will 300 J. gain in 9 Months? Now, in of 
to raife the General Theorem, let us ſuppoſe, inſtead of Numb 
theſe Letters. F | 


Pt oO. The Principal. In the SuppofitinM 

Vis. 1 0 = 12. The Time. of of any propoſed 
G== 6. The Gain. Queſtion. i 

f=300. The Principal. (The Three Term 

And, 5 t= 9. The Time. 0 N wherein the Que. 
2=13,5 The Gain. ſtion lies. 


. „ 5 The Product of the Two Means] 1 
Then . P = e ee b 


That is, 190: 6 :: 300: 300 K 6 Which is dhe 
| ADD =18.þ Firſt part of the 
100 3 Queſtion. « 


Second part d . 
Vis. 12 3 18. 3.3 the Queſtion. i 


__ pt That is, the Product of the Extream 
Ergo Tg _— 1 Equal to that of the Means. 1 


Conſequently, TgP=Gpr. Is the Theorem. 


This Theorem affords Two Rules by which all Queſtiom 
this Double Rule of Three, or rather of Five Numbers, by 
Reſolved ; due regard being had to the true placing down of i 
propoſed Terms, which mult be thus: \ | 

Always place the Three Conditional Terms in this Order; I 
that Number which is the Principal Cauſe of Gain, Loſs,! 
Action, &c. (viz. P.) be put in the Firſt Place; That Num 
which denotes the Space of Time, or Diſtance of Place, of 
(viz. T.) be put in the Second Place. And that Number whid 
is the Gain, Loſs, or Action, &c. (viz. G.) be put in the Ti 
Place. Now according to theſe Directions, the Conditie 
Terms of the laſt Queſtion will ſtand thus; P. T. G. 

That done, place the other Two Terms which move the ( 
ſtion, underneath thoſe of the ſame Name, 


m TI © 


Then 7':® %% 75 Which is the 
9 2 13,3 


} 


©, — * 
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den if the Blank or Term ſought, fall under the Third Place, 
this Queſtion, | iD * 
It vin be } g. Which gives this Rule. 


©. Multiply % T'hrte 7aft Terms together ſor a Divi- 
le den ; and the Two firſt together for a Diviſor; rhe 
| Quotient ariſing from them will be the Sixth Term. 


£5 = 


That is, in our Propoſed Example 1. 
Thus 6X300X9=16200 The Dividend. 
And 100X12=1200 The Divi ſor. 
hen 1200) 15200 (132 The Anſaver. As before: 


Net if the Blank or Term ſought fall under the Firſt place, 


* 


It win be 4 P_=þ 


he , Te: | 

be . r if the Blank fall under the Second Place, 
be WE vill be 3 = Either of theſe give this Rule. 
ot | Gp | Txt 


for a Dividend : And the other Two together for a 
' ) Diviſor ; the Quotient ariſing from them will be the 
Sixth Term. 


, Multiply he Firſt, Second and Laſt Terms together 
e: 


d becauſe our Example 2. falls under the Conſideration 
of Direct and Reciprocal Proportion, let it be here propos d 
. If 6 Buſhels of Oats will ſerie 4 Horſes 8 Days; How 


y Days will a1 Buſhels ſerve 16 Horſes, c. 


dhe Zens of this Queſtion be placed down as before Direct- 
1 ey will ſtand e | py | 3 
5 erſes Days Buppels 2 
cee 4.8. 6 Terms in the Suppoſition. 
Thi enen b 3 
tid re the Blank falls under the Second Place, therefore it mult 


dund by the Second Rule. 55 


us 4X8 Ni the Dividend. 
I6X6=96 the Diviſor. BI 25 
Then 96) 672 (/ the Anfiver as before. 


0 Queſt. 


Pang 


* N What Drive: pal or Seck will Gain 704 in 8 Moni q 
2 t. per Arinug ? „ 
Prin. Time Gain 225 
100 bs . 6 Terms inthe Ade 
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20 

In this is ebe tron W Blank falls under the firſt Mace, cher 
fore it: muſt be found by the Second Nule. N + ie 

Thus 100X12X20=24000 the Dividenl. 

And 8X6=48 the Oli viſor. 


Then 48) a4 (5007. the aten I 

The Proof 5 all Queſtions in this Double Rule of Five Nu 
bers, is beſt torm'd by varying the Queſtion ; vi. by Rati 
it in another Order, as in the laſt Example: Thus, I 
If 100 J. Gain 61, in 12 Months, what will 500 J. Cain h 
Months 2 4 
The Anfaver to this Rneſtion muſt 1880 I if the Work of ii 
laſt Example be True. 9 
Prin. Time Gain. 


100 5 > | tf 
Stated thus 3 4 ben 5. per Rule 1. 
JKG NCC 24000. ww I00XI2=T2CO. 


Then 22900 24000 . the. oro 85 


18 2 many Rods may be a "by 8 8 Men in = BAY ++ 1 
fame Rate of working! 2 
Anſu. 192 Rods 


weſt, 5. If the Carriage of 5 C. 3 ons Weight, x50 Mill 
ws 2 J. 75. 44. What anings aid for the Carriage of 7. C. 24 
25 it, Werght, 64 _ at the ſame Rate? 


Anſw, 11. 18s, 754 
Deſt. 6. If 8 iſ deferve 2 7 Wages for 5 Days Work, Hl 
much will za Men deſerve for 24 Days, at the ſame Rate? 
Anfe . 387. 85 Y 

Queſt. 7. Suppoſe a Hundred dy would defray the Fl 


pts of Five Men for Twenty-two Weeks and Six Da Hi 
would Twelve Men be in ſpending of one Hungred a 
Fifty Pounds, and at the ſame Rate? 


Anſw. 14 Weeks and 2 Dai 
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CHAP. VIII. 


Trading in Company, ufnally call d the Rule of Fell6roſhip ; 
alſo Bartering, and Exchanging of Coins, bcc. 


TT HE Rule of Fellowſhip is that by which the Accompts of 
_ ſ{cvcral Partners Trading in a Company, are ſo adjuſted or 
de up, that every Partner may have his juſt part of che Gain, 
fſugain his juſt part of the Loſs; according to his proportion or 
ee of Money he hath in the Joint- Stock: Now this falls under 
1s Conſiderations, called the Single and Double Res of 


 J2 
, Dect. r. T he Single Rule of Fellowſhip ; viz. That 


Without Time. 


* 

„che Single Rule of Fellowſhip is adjuſted the Accompts of 
be Partners that put all their ſeveral and perhaps different 
Is of Money, into a common Stock at one and the ſame 
re; and therefore it's uſually called the Rule of Ae 
bout Time: Now all Queſtions o this Nature are Anſwere 
Wo many ſeveral Operations in the Rule of T hree Direct, as 


ee are Partners in the Stock, 7 - 2 „ 
„; A the Total Sum of Money in the Stock is in Proportion 

Wc whole Gain or Loſs ; So it every Man's particular part 
a Soc; Jo bis particular ſnare of that Gain, or Laß. 

e. 1. There are Three Partners, Suppple A, B, and C, 
g e 2 Joint-Stock of 96 J. in this manner. 
puts in 24 J. B, puts in 32 J. and C, puts in 40 J. with 

96 4, they Trade 1 Gajn 12 1. is required to find each 

due Part of that Gain. | ny Eos Cott 
be firſt Operation for 4's Part of the Gain will ftand 
Thus 96/7: 1211 244 : 51= A's Gain. 


nm decondly 96 : 12/:: 32 J: 41/=B's Part of the Gain, 
17 Again 96 / : 12/ : : 404: 51 =C's Part of the Gain. 
4 Proof 3/1/+4/+5/=121 the whole Gain, 


bat is, if the Sum of each Man's particular Gain eee 
E he whole Gain, the Work is. true; if not, ſome \ r iu 
mitted which ern,, no No 
ote. Theſe Operations will be very. much abbreviated, if 
work them by 7 hcorem 2. Page 87. For here 96, is Abe 74 
os and 12 is the Common Conſequent in all the Three 
Portions, i | ; | 

O2 


5 


al 


Pan 
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Therefore 96 : 12 :: I : 0,125 is a common Mutriplicats 
Then 24X0,125=3 J. for 4's Part) 
And 32 x0, 125241. for ez As 0 
Again 40 x, 125 5 J. for C's Part?! a 


Now this Method is more readily perform'd than the off 
Eſpecially when the Partners are many ; becauſe one Sing 
Droifion ſerves for all the Work. 


| ef. 2. Three Merchants, A, P, and C, Freight a $i 
with 248 Zum of Wine: thus, A Loaded 98 Tun, B 86 7 J 
and C 64 Tun. By Extremity of Weather the Seamen vl 
forced to caſt or throw 93 Tum of it over-board. How mul 0 
this Loſs.muſt each Merchant ſuſtain? 


Firſt 248: 93: 1: 9,375 the common Multiplier. 
Then 98 K, 37 105 5 for A's Loſs. ; 
And 86X0,375=32,25 for B's Loſs. * 
* Again n for C's Lofs. 1 


Proof 93, Oo the whole Lofs. 


& 


| Now if the 80 were to find how much of the Remain 4 
Wine that was aved belongs to A, to S, and to C. 


Then 98— 36,5 61,25 belongs to A. 
And 86— 325,2 5353,75 belongs to B. 
And 64—24, SA, belongs to C. © 


That is, 4 ought to have 61 Tum and 63 Gallons. 'B o 


to have 53 Tun and 189 Gallo. And C ieh to have 40 f 
af. what was Left. ; 3 n il 


778 


at's 2* | $a of 65 Men: Di. A,B, C. D; 25 and Fn ws 
a « Joinr-Srock of 25584. | 


7 


«i INES. Decimal. 1 
| | Ms % puts in 654 10 == 654,5 | 
n 543 + 15 == $4375, 
S 480 00 = 480, 90 8 of 
you 254. + ER 
— 365 OF =365,25 
3.08 Nr _—— 0 8 


on £o36tv5 1 1 2 I ante ad... . $S%/ 1 2 


The c-Ffhole Fel 2558" : 0025 58,00 accring to the et 
9 1 


1 
- * 


— — » — 
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ith this Stock of 25587. they Trade Eighteen Months, and 
in 831 J. 55s. *Tis required to find every Man's Part or Share 
that Gain. 1 7 1 Wa ded 
Wrote, Altho' the Time of Trading, viz. Eighteen Months be 
ioned in the Queltion, yer it's mo ay concerned in anſiver- 


r of it; as you may obſerve by the following Nor. 
Firſt, 2558 J. : 831,35 J. :: 1 J. : o, 325 Decimal Parts. 
Conſequently, 17. : 0,325 :: 654,5: 212,125. That is, 
A's Stock 654,5 N, 32 5 12,7125 for A. 

Des Stock 543, 5 N, 32 52176, 1875 for V. 
— C's Stock 480, X0,325=1 56,000. for C. 

C T's Stock 254,5 X0,325= 82,7125 for D. 
E's Stock 365, 2 5 0, 32 52118, 0625 for E. 

Fs Stock 260, X0,325= 84, 5 for F. 


1 $f 4 
A Gains” 212,125 =212 .-14 « 03 
B ——— 176,71875=176 .. 14. 045 
C 156,0000 156. 00, 00 
D—_— 82,125 2 82 . 14 . 03 


2 2 ae * a 


* 
** 


bat is, 


4 E—— 118,70625=118 . 14 . 01 f 
n | F 845 = 84. 10. 00 
Prec. Sum 831,35 S831 . 07 . oo rhe Gain. 


have omitted reſolving this Queſtion according to the uſuah 
Wthod (as before directed) of finding every Man's particular 

t of the Gain by the Golden Rille, as in the Firſt Work of 
ample 1. Leaving that for the Learner's Practice. 


2 . i 
— T * — » 


* 


2. T he Double Rule of Fellowſhip ; or zÞa7 222 Time. 


This is uſually called the Double Rite of Fellowſhip, becauſe 
y particular Man's Money is to be conſidered with relation to 
| time of its Continuance in the Joint-Stock. \ 

WE: 7c/i:0: 1. A and B join in Partnerſhip __ theſe Terms, 
A agrees to lay down 100. and to imploy it. in Trade 3 
he: Then B is to lay down his 100 J. and with the whole 

k of 200 J. they are to Trade 3 Months more. Now at the 

i of that Time, they find their whole Gain to to be 21 /. 

required to know what each Man's part of the Gain ought to 

fl according to his Stock, and the time of imploying it. . 


Here 
* | 


„ 
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lere it is but reaſonable to conclude, that A. ought to Gai 
more than F. notwithſtanding their Stocks of Money ate Equal 
becauſe A. imploy'd his Money a Longer Time than 8. 
Now for Solving of this Queſtion, us ſuppoſe A's 100 
- 2mployed the firſt 3 Months to Gain La Sum as yet unknoyn; 
then it muſt Gain 2Z in 6 Months; and to find what F. muk 
Gaia it will be, 6, | {A 
100. 6 . 2A=A's Gain 
1600 1 To B's Cain N Yer Rule 1. Page 97. 
TOO X 3 X 22 * 
5 10 O ο KG be Nis 
But A's Gain Added to 2's Gain muſt =21 J. the whole Gain 
by the Queſtion. 5 88 | 
Therefore 2 Z +722 AP. LE FA 
5 100 X 6 1 | 
That is, 100 & 6 X27, +loo X 3X24 D & 100 X56. 
Which contracted is, 900 X 22 21 X600. W 
I X 600 
900 


'; Gain. 


Ergo 


: Conſequently, 22 = 8 which gives the following 


Analog y. 


Viz. goo : 21 :: 600 : 2Z=14 J. for A's Gain. 
And goo : 21 ; : 100X3= 300 : 5 J. for B's Gain. 


Now this way of Arguing hath not only Reſolved the preſent 
ueſtion; but it alſo affords (and demonſtrates) a General Rule 
tor Reſolving all Queſtious of this Nature, be the Partners never 

. fo many. 98 5 „ 
Multiply every particular Man's Stock, with the Tin 
i i5 employed; then it will be, As the Sum of all 
Rule. < thoſe Products; Is to the whole Gain (or Loſs). K 
is every, one of thoſe Products; To its proportionil 
fart of that whole Gain (or Loſs). 


Queſtion 2. Three Merchants A. B. and C. enter into Partner 
ſhip thus; A. puts into the Stock 65 L. for 8 Months ; P. pun 
in 78 J. for 12 Months ; and C. puts in 84 J. for 6 Monti. 
With theſe they Zrafick, and Gain 1667. 12 5. Tis required to 
find each Man's Share of the Gain, Proportionable to his Stock 
and Time of employing it. | | $1543 0298" 5 


* 
* 


1. 4 


8 


&| 
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1. A's Stock 651, x 8 Months, the time it was employed=520 

2: B's Stock 78“. Xx 12 Months, the time it was empio yed gg 

3. C's Stock 844. x Months, the time it was employed 
22% 0 The Sum of thoſe Produtts is, 1960 

Then, according to the Rule, the ſeveral Proportions will 

and thus, 

1960. : 166,6 :: 520 : 44,2 244 J. 45. 04. for A. 

1960 : 166,6 :: 936: 79,56=794. 11 5. 24 d. for g. 

1960 : 166,6 :: 504, 42,8442 J. 166. 95 4. for C. 


The whole Gain=166 J. 125. o d. 


Or you may work as in ſome of the former Examples, viz. by 
ling the proportional Part of the Gain due to one Pound, c. 


Thus 1960-:-166,6 :: I : 0,085 the common Multiplier. 
Then 520X0,085=44,2 for Ay | 
6 Sc. As before. 


| 


0 


And 936X0,085=79,56 for B. 
Allo 504X0,085=42,84 for C. 5 
Queſtion 3. Six Merchants, viz. A. J. C. D. E. and F. enter 
ito Partnerſhip, and compoſe a Joint- Stock in this manner; 


3 
A puts in 54. 10 
B — 78. 15 
GC ———100-.-00 
2 — 80 10 1 
2 — 14 12 
F —125 + 15 


They Traffck, and Gain 2587. 185. 454. *Tis required to 
devery Man's Share of the Gain, according to his Stock and 
me it was employed. | | ö 
The ſeveral Stocks of Money, and their reſpective Times 
ung Firſt brought into Decimals, and then Multiplied together 
ll produce theſe following Products. 0 


J. Months. x | 
A's Stock 64,5 X4,5 be time it Was employed=290,2 5 
es Stock 58,7 5s, rhe time it was employed=472,5 
<5 Stock 100, X$;25 rhe time it was employed=$2 5, 
Ds Stock 80, x12, rhe time it was employed, 
0s Stock 74,6 x9,5 the time it was employed=708,y - 
ck Fs Stock 125, , The time it ⁊vas employed 880, 25 


| The Sum of thoſe Product A4, — 
ol | 'Then 


[12, Months. 


* 


% 


5 — 
S 
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Then if you work by the common Way; it will be 
4142, : 238, 91875 11 29% 5 : 18, 140625 =18 J. 25.934 
for As part of the Gain; And fo on for the reſt. 


But if you Work by the gaſieſt way, vis. by finding the pro 8e 
portional Part of the Gain due to one Pom l. Mb 
Thus © 41427 : 238,91875 * 1 0,62 | MV 


1 „ 

. 94 for 4 MM” 

And 472,5 X0,0625=29,53125 =29 .'10 . 7; for B 
$25, *, O62 F=51,5625- =5T 11.3 för Ma 
966, X0,0625=60,375 S 7. 6 for D Mp 
708, X0,06252=44,29375 =44-+ 5 — 104 for E 


Then 290%, 5 v, O62 5, 14062 58. 2 


ſhew the whole Buſineſs of F ellowſhip, Sc. 


— 


. uionoM an 
Sect. 3. Of Bartering. 

When Aſerchants, or , Tradeſmen, Exchange one Commoditf 
for another, it's called Barrering ; and the only difficulty in thi 
_—_— Dealing, lies in the due proportioning the Commoditie 
to be Exchanged ; So, as that neither Party ſuſtain Loſs. 

Queſtion 1. Two Merchants, A. and B. Barter; A. woult 
Exchange 5 C. 3 9rs. 14 pound of Pepper, which is worth 31. 10. 
per C. with B. for Cotton, worth 10 4. per pound weight; Hot 
much Cotton muſt Y. give to A. for his Peper? 12 

' Note, In order to the Reſolving of this Queſtion, (and al 
other Queſtions of :his Nature) you muſt Firſt find, by the Rule 
of 'Three, (or 2 ) the true Value of that Commodity whiſe 
Quantity is given; (which in this Queſtion is Pepper.) Aid 
then find how much of the other Commodity will Amount to thi 
Sum, J er, SOS. WI W ; 

- Firſt 5 C. 3 97s. 1416==5,8757;. a1... 
And 3 J. 10 5. 0 4. =3,5 „n Decimals. 9 9 | 

Then 1 : 3,5 :: 5,895 : 20,5625=26 J. 115. 3 d. the true 
value of the Pepper. l 1 

Next, it's eaſy to conceive, that A. ought to have as much 
Cotton at 10 4. per pound, as will Amount to 20 J. TTS. 3% 
which may be thus found; ä 

10 4. ith :: 20 J. 115. 3d. 235 d.; 493, its 


eee and 


Thi 
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That is, 4 C. 1 Jr. 17 + poumd of Cotton. And ſo much B muſt 
give to A in exchange for his 5 C. 3 qrs. 14 pound of Pepper. 
ueſtion 2. Two Merchants A and B Barter thus; A hath 

86 Yards of Broad Cloth worth 9 s. 2 4. per Tard. ready Money ; - 
but in Barter he will have 11's. per Tard. B hath Shalloon 
worth 2 5. I 4. per Tard ready Money; "Tis required to find how 
many Yards of the SHalloon B muſt give to A for his Cloth, ts 
make his gain in the Harter Equal to that of A's. | = 
The Method of refolving this, and the like Queſtions, differs 
a little from the laſt Caſe ; for in this you mult Firſt find what 
Advance Z ought to make per Tard upon his Skalloon, in pro- 
portion to what A hath done upon a Tard of his Cloth. 

Thus be 4. & 5. d. $. 4 & „ d. d. 

N ien. C2220 | 

the Advanced Price for a Yard of B's SHalloon. Then proceed 
as before in the laſt Example. 4 

Thus 1 Tard: It 5. :: 86 Yards : 946 f. 247 J. 65. the Ad- 
vanced Value of all the Cloth. | 

Next, If 2s. 6 d. will buy one Tard of Shalloon, at its Ad- 
vanced Price, How many Yards will 47 J. 6 s. buy. 

Thus 2,5 : 1 :: 946 : 378,4 Yards. th 

That is, muſt give 378 f Tards of his Spalloom to A for 
his 86 Yards of Broad Cloth. © | 

Theſe Two Examples are ſufficient to ſhew the Learner, that 
the Method of Bartering, or Exchanging Commodities for Com 
modities, wholly depends upon a clear Underitanding of the 
1d 8 Rule; which indeed is ſo called, becauſe of its Univerſal 
05 Co x | 


1 SS pid nn op De ere EE - 
il Sect. 4. Of Exchanging Coins. | 
le Exchanging the Coins of one Country for thoſe of another js 
like the Buſineſs of Barrering Commodities. That is, it conſiſts 
in finding what Sum of another Coumt ry Coin will 2 in value 
do any propoſed Sum of another Country Coin. And in order to 
perform that, it will be very Neceſſary to have a true Account 
at all times of the juſt Values of hof Foreign Coins which are 
N be Exchanged, as they are compared in value with our Eugliſu 
017. | 


I fay, at all times, | becauſe the Par of Exchange (as the 


"a. MK SEE 


8 Merchants call it) differs almoſt every Day from London to 
4, other Countries. Thatis, it Riſes and Falls, according as Maney 
4 1 2 Scarce; or according to the Time allowed for Pay- 
ent ot the Money in Exchange, &c Py 
. | . 85; boſe 
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Thoſe that deſire to be fully ſatisfied in the Common Value, 
of Foreign Coins, Weights, Meaſures, &c. may find them in x 
Book called the Merchants Map of Commerce, which for Breviy 
fake I have omitted Tranſcribing, and only collected theſe Fey 1 
of Coin. | 5 


—— — — — 1 0 
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Foreign Coins. . | T Coin. 


— 


Part l. 


— 


27 A Denier -O > . S 
12 Deniers=1 Sonl2= 


| 
20 Sorthz=1 Livre=o . 


5 Livres=1 Crown=jo . 


French Coins. © 


Low-Coeuntry Coin. A Aver o 88 4 
* 6 Si ver i Flemifh Shilling=0 .o . 7 + 
20 Stivers=1 Gilder=| 2. 
10 Glu e = az Shillings v 
or a Flemiſh Pound : 
Emblem Doller= 3 / 
Campen Deller. 8 4 
Zealand Doller o. : 


Lyons Dobler o 
Specie Doller . 
A * 8 

5 ix Deller of the Empire ; 
Germany. A A Gilder of N * 
E The Livre at Leghoru= 
Florence Crown Courrant=o . 
f Venice Ducat de Banco=1o . 
| The Currant Ducat a 
In Italy The Naple Ducato. 
and 4 The Cadiz Ducat 
Spain. The Barcelona Ducat= 
| The Falentia Ducat 
1 The Bergonia Ducat 
'| The Portigal Teftoou= 


| The Piece ot Eigbt 


OAO Oe 0 „„. 
2 e 


> pa Am uw ÞwOwÞp Aeneon 


Note, The Engliſh generally Reckon their Exchange with 
other Countries by Pence, vis. other Countries value the WM: 
Crowns, Dollers, or Ducats, &c. by Engliſk Pence. Exceft W- 
wirh ſome Parts of the Low-Comntries, with whom the Exchange 
is in Pounds Sterling. 


Deſt. 1. How many Dollers at 45. 64. per Doller, may one 


0 | 0 — 
haye for 1621. 18 5 Anſwer 114 Dol Thus 


— 
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Thus 162 J. 18 f. 232 58 s. and 4 J. 6 d.=4,55. 
hen 4,5 : 1: : 3258: 724 the Anfever. 


neſt. 2. How many Saragoſa Ducats of 5 5. 6 d. the Ducati 
may be had for 275 Zergonia VDucats, at 45. 4 d. the piece. 
| Anſwer 216 and 3 5. 8 4. over. 
Thus 5 8. 6 4.=645 d. and 4s. 4 d. 252 4. | 
Then 275X52=14300 4.=275 Dricats. 
Conſequently 66) 14300 (216; the Anfever required. 


Oneſt. 3. A Traveller would change 233 J. 16s. 8 4. Sterling 
Meouey ; tor Venice Ducats at 4 5. 9 5 4. fer Ducat; How many 
Ducars mult he have ? 

Ayer 976 Ducats. 

Thus 4 5. 9 4.=57,5 d. and 233 J. 16 5. 8 4.==56120 d. 

Then 57,5 4.) 56120 4. (976 the Auſwer required. 


Queſt. 4 A Caſhier hath received 759 Ducats, at 75. 6 d. 
fer Ducat ; And 579 Dollers at 45. 8 d. per Doller: Which he 
would Exchange for Flemiſh Marks at 14 5. 3 d. per Piece: How 
many ought he to have? 

Anſwer 589 Marks, and 15 d. over. 

For 75. 64.=90 d. and 45. 8 d. 25G d. | |: 

Then 1 759 * 90=68310 4. the Value of the Ducats. 

579 X 56=32424 4. the Value of the Dollers. 


their Sum =1007 34 4. 
And 14 f. 3 4.=171 4. the Flemiſh Mark in Pence. 
Conſequently 171) 100734 (589 Sc. the Anuſiver required. 


Queſt. 5. A Bill of Exchange was accepted at London for the 
Payment of 400 J. Sterling, for the like Value delivered in 
Ainſterdam, at 11. 13 5. 6d. for 1 J. Sterling; How much 


Money was delivered at Amſterdam? = 
Anſwer 670. Flemiſh. 


For 1 /.=24c 4, and 1/7. 13 5. 6 4.=402 4. | 
Then 240 : 402 :: 400: 670 the Anſtver required. 


Qreſt. 5, When the Exchange from Antwerp to London is at 
1/. 14 8. ) 4. Flemiſh, for 1 J. Sterling; How many Pommas 
Ferling muſt be paid at London; to ballance 236 J. Flemiſh at 

atwer p ? | 
Anſfever 192 l. Sterling. 
Thus x7. 4s. 5 4=295 d. and 14.=2494 . 

Then 295: 240 :: 236 : 192 the Anfeer. 


P 2 Queſt.” 


- 
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Arithmet ic. Part 
Lreſt. 7. A Merchant delivered at London 120 I. Sterling to 


Receive 147 J. Flemiſh in Amſterdam; How much was 1 
Sterling valued at, in Flemiſh Money. 


108 


Anſwer 1 l. 48. 64, 
Thus 120; 147 :: 2404. ; 294 d. J. 45. 6 d. &e. 


Queſt. 8. A Factor hath fold Goods at Cadiz for 1468 pieces 
of Eight; valued at 4 5. 6+ 4. Sterling per Piece; How much 
Sterling Money do thoſe Pieces of Eight amount to. 
. 0 80 333 J. 78. 2 d. 
Thus, if 1=54,5 4. then 1468X54,5=50086 d. Kc. 


Queſt. 9. A Traveller would have an equal Number of Crown 
at 55. 6 d. per Crown ; And Dollers at 45. 5 d. per Piece; How 
many of each ſort may he have for 309 J. 8 5.? 11 
| Anſwer 624 of each. 

Thus 3097. 8 f. 274256 4. V 
And 55. 6 d. A 5. 5 A. 219 4. +." 
Then 119) 74256 (624 the Auſtwer required. 


Dueſt. 10. Suppoſe I would Exchange 52) J. 17s. 6 4. for; 
Dollers at 45. 6 4. a piece, Ducats at 55. 8 4. a piece, and 
Crewps at 6 5. 14. a piece; and would have 2 Dollers fa 
1 Ducat, and 3 Dollers for 2 Crowns? How many of each 

_Jorr muſt I have? | 
hes Anſr. 927 Dollers, 4635 Ducats, and 618 Crown 
54 A. I Doller. 
For 1 


68 4. = Ducat. fer Queſtion. b 
73 4.=1 Crown. hs. | 


And 126690 4.2527 J. 175. 6 4. 


Now if the Croums, Dollars, and Ducats were to be equal it 
Number ; Then 753+54+68 muſt have been the Divifor, by 
which 126690 mult have been Divided, and the Quotient would 
have been the Auſtwer to the Queſtion. As in the laſt Example 
But here inſtead of their Su, ſuch Parts of them mult be 
aken as are aſſigned or limited by the ©eſtjon ; that fo the 

þ — of ſome one of them may be found. | | 


5 2 | 2 Dollers for 1 Ducat, and 
And er there muſt be | 3 Dellers for 2 Crowns, 


Therefore it wilt be but ? of a Ducar for one Doller, and 5 
$ Crows for oue Voller. e 8 
Ken ee. be hed n- 


an 
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WM Conſequently, 54+*s: +7 of 732136 Or ½ will be 
e iviſor to find the Number of Dollers. ; 
Thus 4) 126590 (927 the Number of Dollers. 

hen „ of 927=4635 is the Number of Dilcats. 
And; of 927=6 18 is the Number of Crowns. 


% = 
£2 


Or if you pleaſe you may form Diviſors to find either the 
N:cats or Crowns firlt : For if it be 2 Dollers for 1 Ducat, and 
Dollars for 2 Crowns, as before; | 

Then will 6s Dollers be for 3 Ducats, and 6 Dollers for 4 
ee. | 


| Therefore, 7 13 _ $ will be for 1 Crows. 


Conſequently, 2 of 54 : + 3 of 68: + 93=205 will be the 
Piviſor to find the Crows firſt, Ec, 


Queſt. 11. A Caſpire is to Receive 5007.. He is offered 
703715 at 65. I 44. fer Crown, which are worth but 65s. Or he 
nay have Dollers at 45. 54. the piece, which are worth but 
15.47, Which of theſe ſhall he receive to have the leaſt Loſs ? 
and how much will he loſe in Payment? | 


4 : 8 * - 7 according to the true Values. 


1 1 : 22 ny | the advanced Values. 


Now to find which, will be the leaſt Loſs ; find what the 
Franced Value of a Doller ought to be in proportion to that of 
ron. | | | 3 

Thus 72 : 73,5 :: 52 ? 53,22 Cc. But he may have Dollers 
t 534. per piece, therefore the Payment in Dollers will be the 
calt Loſs; vis. 53 is leſs than 53,22 Cc. 


0 Next to find what the whole Loſs will be, Divide 120000 4. 
nag co J. by 52. and 53. The Difference of their Quotieuts will 
+ de the Loſs. | DB 

6 


Thus 52) 120000 (230732. And 53) 120000 (226445. 
Then 2307;2—2264;3=43575 Dollers at 4 5. 4 4. is the 
is; viz. 94, 88. 1035-54. ;I 

There are other ways of anſwering the laſt ©reſtion, but this 
take to be the eaſieſ. 0 en 


| Reſt 12, Suppoſe I exchange 47. 10 f. 104. for 11 Crowns 
Dollers; And at another time I have 4 Crowons and 3 


LDogers 


on: 
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Dollers for 1 J. 15 f. each being of the ſame Value with t 
firſt. What is the Value of a Crows, and of a Deller? 


Firſt 11 Crowns +7 Dotlers=1090 d. 
Fir, 12 Gown +1 Dollrt=no306 Joy the Que 


Then in order to find the Value of 1 Crown, you muſt caſt 
the Dollers by making them of the ſame Number ; Thus, 


33 Crowns-+21 Dollers=3270 d. the firſt Multi pl. with 3, 
28 Crowns Hal Dotlers=2940 d. the ſecond Multi pl. with |, 


Then 5 Crowns= 330 d. being their Difference. 
Conſequently 5) 330 (66= 55. 6 4. is the Value of 1 Crown, 
And 4 Crowns==264 d. 

Then will 3 Doiters=420 4.—264 4.=1 564. 
Conſequently 3) 156 (52 4. =4 5. 4 4. the Value of x Dolle 


—— 
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CHEAT IKE 
Of Alligation. 


W H E N it is required to mix ſeveral Sorts of Ingredie 
together; As ditterent ſorts of Corn, Wines, Wooll, Spit 
or Metals; or to compoſe Medicines, &c. the Method of pn 
portioning ſuch Mixtures, is called the Rule of Alligation ; u 
is Divided into two Parts or Branches; called Medial u 
Alternate. 


Sect. 1. Of Alligation Medial. 
Alligation Medial, is that by which the Mean Rate or Pi 


of any Mixture is found, when the particular Quantities oft 
Mixtures and Rates are given: And 1s thus performed. 

Firſt find the Sum of all the Quantities propoſed to be mix 
And alſo the Sum of all their particular Rates 


Then the Proportion will be, 


4 As the Sum of all the Quantities : Is to the Suh 
Rule. all their Rates:: So is any Part of the Mixti 
C To rhe Mean Rate or Price of that Part. 


Queſt. 1. Su poſe 15 Buſhels of Wheat at 55. the Zug 
and i2 Buſhels of Rye at 35. 6d. the Buchel, were mix d tagen k 


o | | 


a if thoſe Sys are equal the Work is true. 


ap. 9. Of Alligation, &e. | 111 


hat is the Mean Rate or Price, it may be fold for a Huſpel, 
thout Loſs or Gain? | 


This Queſtion prepared as Directed above will ſtand 


\ $15 Bryſhels of Wheat at 55. per Brſhel, comes to 900 d. 
us} 12 Briſnels of Rye at 35. 64. each, comes to 504 4. 


— — — mat 


27—their Sum. And their Total Value=1404 8 


Then 27 Brſhels : 1404 d.: 1 Buſpel : 52 d.. 44. the 
wer required. 


Sneſt. 2. A Grocer Mixeth 36 Pounds of Tobacco, worth 1 5. 
. a Poumd, with 12 Pounds of another fort at 2 5. a Pornd, 

12 Pounds of a third ſort at 1 5. 104. the Pound. How may 
ſell the Mixture per Pound? 


1 8 d. 
Firſt 5 „ 2 8 fer Pound Amounts to 8288 


12 . at 1. 10 264 


60=the Number of Poumds; their Value=1 200 


Then 60 Ib : 12004. :: 1th : 20 4. 15. 84. the Anſeer 
quired. 


veſt. 3. A Vintner Mixeth 31 Gallons and half of Malaga 
k worth 7 5. 6 4. the Gallon ;, with 18 Gallons of Canary at 

94. the Gallon; 13 Gallons and half of Sherry at 55. the 
lon ; And 27 Gallons of White Wine at 45. z d. the Gallon. 
Is required to find what one Gallon of this Mixture is worth. 


Gal. 13 Pence. - 
787 at 7 . 6 | 2035 
FR I at * 9 145 
rſt, 105 W's, 0 ber Gallon comes to 915 


27 at 4. 3 1377 


go=the Number of Gal. Their Value=64$0 


hen 90: 6480 :: 1: 72 Al. 6 5. the Rate or Price of one 
lon, as was required. 


he Proof of all Operations in theſe ſort of Mixtures, is done 
comparing the Value of all the Mixture, being ſold at the 
an Rate; with the Total Value of all the particular Quanti- 
, ſuppoſing they had been ſold at their reſpective Rates un- 


Sect. 
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Sect. 2. O, Alligation Alternate: 
Alligaticon Alternate, is that by which the particular Quanti 


of every Ingredient concern'd in any Mixture are found ; ul 
the particular Rates of every one of thoſe Ingredients, and 
mean Rate are given ; being (as it were) the Converſe to All 
rien Medial; as will appear by the following Operations, ul 
admits. of three Caſes. e 
Caſe I. The Partictlar Rates of any Ingredients propoſe! 
be mixed, and the Mean Rate of the whole Mixture be 
given. Lo find how much of each Ingredient is requiſim 
compoſe the Miature; when the whole Quantity, or any] 
thereof is not Limited. CE | | 
Queſt. 1. How much heat at 5s. the Buſpel, and Ry 
35. 64. the Buſbel, will compoſe a Mixture that may be 
tor 45. 44. the Bh 5 | 
Note, In all Queſtions of this Nature, it will be convenient 
place the Mean Rate ſo, as that it may be eaſily compared u 
the Particular Rates, 772 order to fend every one of their Y 
rences from the Mean Rate, by inſpection only. 


Thus, the Mean Rate = 52 4. 4 3 2 4 * 


Then take the ſeveral Differences between the Mean Ri 
and the Particular Rates; Setting down thoſe Differences / 
nately, cad they will be the Quantities required. 

; 5 60 2 Slom52—42. 
1 Thus 24 L 42 S N 8=60—52 We 
That is 52—42=10 for the quantity of heat. 
And 60—952= 8 for the quantity of Rye, that will a 
pole the Mixture required. | Wy | 
The Proof by Alligation Medial. 
10 Brifnels of Wheat at 60 d. per Buſnel = 600 d 
Add { 8 Belſoels of Rye at 42 f. per Bujhel = 336 4. 
18 = the Number of Buſhes. = 9364, 

Then 18: 936 :: 1: 524. = 45. 44. the Mean Rate. 

Note, Atho' 10 and 8 do Ayer the Queſtion, as pla 
appears by the Proof; yet they are not the only TwO Numb 
for this ©zeſtior, and all others of this kind, will admit. 
rious Anfeers, and all in whole Nrzzbers ; for any Two Num 
chat are in the ſame Proportion to one another, as 10 is f 

will as truly Anſwer the Qucſticg. 1 


— 


/ 


. Wa FI. F-- 
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. 1 25 
* * 


4 $2: 4 3 
Vis. 10:8 7 ky ; 17 % Sc. ad infinitum: 
„„ ITY 5 

weſt. 2. A Grocer would mix Three ſorts of Tobacco together, 
8. One Sort of 18 4. per b. another Sort of 22 d. per I; · and 
Third Sort of 2 5. the b. How much of each Sort muſt he 
e, that the whole Miæture may be ſold for 20 d. the Pound? 
Having ſet down the given Rates, as before: Then find each 
their Differences from the propoſed Mean Rate; And place 
fe Differences Alternately. us, 


; TIN 18 4 ＋2 = 24—20 and 22—20 
Mean Rate 20 22  2=20m—18 


24 2==20—18 
Theſe Differences, vis. 6 . 2 . 2 are the Quantities Required: 


6 ib of Tobacco at 18 d. per Pound comes to 108 
roof 2 Ib at 22 4. the Pound comes to 44 > 4. 
2 ib at 24 4. the Pound comes to 48 
ro the Number of Pounds. : | Their value=200 a. 


Then 10) 200 (20 the Mean Rate. 


Or indeed any three Numbers that have the ſame Ratio to one 
other as 6. & 2 have, will Anſcwer the Queſtion. 


That THEE] 1 : : de 

| 15 2 50 
But if only one of the three given Rates had been greatet 
an the Mean Rate; As ſuppoſe 14 4. per Pound, 18 4. per 


ound, and 24 d. per Pound. And the Mean: Rate 20 d. as 
fore. Then their Differences mult have been placed, 


. 14 $55; 
Thus, 20 ; 18 0 5 75 | Sc. As before. 
e $8 8 6 2 WES 

Jef 3. A Vintner would make a Mixture of Malaga, 
orth ) 5. 6 d. per Gallon, with Canary at 6 5. 9 d. per Gallon, 
verry at 5 f. per Gallon, and White Wine at 4s. 3 d. per 
Alon; What Quantity of each ſort muſt he take, that the 
ture may be ſold for 6 5. per Gallon? EDS 

In all Quęſtions of this kind, wherein it is required to mix 
our Things together, Two of — having their Prices Greater 

a 


Hence 21 Gallons of Malaga, 12 of Canary, 9 of Sherry, a 


— — 
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and Two Leſſer than the Mean Rate; you muſt always Mig 
or Compare a Greater and Leſſer Price with the Mean Prig 


ſetting down their Nifferences Alternate, as in the Firſt Ki 


amfle of this Section. 6 | - 
( Malaga 90 701 21=72—51 


I White 53 4. 1829092 
Thus, Mean Rate=72 4.) Sherry Fo A. p 9=B1=711 
Cunary 814.5) 122557260 


F 


12 of 'White <1] compoſe the Mixture required. 
| 1 82 5 3 MAE pn os 
erry 604. en 
Or thus, 72 2 914 7121 Sung f will, &c. 
White 51d. 1 9 Mhite © 
Either of theſe Mixrures equally Anſwer the Queſtion, whi 
may be caſily wry'd as before in the Laſt, Sc. 


Cafe II. The Particular Rates of all the Ingredients: propok 
to be mix'd, the Mean Rate vf the whole Miuture, and u 
one of the Quantitics to be mix'd being given. Thence to f 
bow much of every one of the other Ingredients is-requiſite 1 
compole the Mixture. | 1 2 


Note, This is uſually called Aligatiom Partial. 


* 
= 


Queſt. 4. How much I heat at 55. the Bibel, muſt be mix 
with 12 Zufpels of Rye at 3 5. 64. a Brſpel ; That the whidl 
Mixture may be fold for 45. 4 d. the Buſpely | 

In this Caſe you muſt ſet down all the Particular Rates, wi 
the Mean Rate, and find their Differences juſt as before; with 
any regard bad to the Quantity, given. 


„ i, SFr peat 608. 10 ö 

Thus, Aleau Rate = 4. 1 pony + 1 
(me Quantity found by the Differences f i 
Then Je Name with the Quantity given: Is 10 
Duantity given 22 S0 15 any of- the ot bor Quuntiſi 
jound by the Differences: To the Quantity of its Nat 
Thus 8: 12 :: 10 : 15. the Quantity or Number of Bui 

al M heat required. We. Y 1 


Queſt. 5. How much Malaga at 7 5. 6 4. the Gallop, Sher 
5 5. the Gallon, and ¶ hite Mtue at 45. 3 d. the Gallau, mul 
mix d with 18 Gallous of Canary at 6 5. gd. the Gallo; IN 


the whole Mixture may be fold tor 6 5, the Gallus ?: 


* 
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The Terms being ſet down, &c. as before, will ſtand 
(Malaga 90 21 21 
Le 51 4. 18 
Sherry 60 d. 77 9 
'* Canary 81 £4 2 


Thus, Mean Rate 72 d. 


| 21: 315 GaYoxs of Malaga. 
Then, As fa: 18: : 18: 27 Gallons of White. 
9: 13+ Gallons of Sherry. 
That is, 315 Gallons of Malaga, 27 of White Vine, and, 135 
Sherry, being, mix'd: with 18 Ga/lons of Canary, wil make 
e Mixture rcquired. | | 


J 90 FE | 
| Sherry 60 S 18 
Or thus, 72 ( Canary 81 21 
White 1 9 


ONE 12: Io the Malaga 
hen, As 21: 18 :: $1 : 15:2 the Sherry * 
| | 4 9: 722 the White Wine. 
Gallons, Pence. | 


1075 at go d. ench= 9255+ 
I5-2 at 60 d. each= 9255; 
Proof ' 732 at 51 d. each= 398 


IS at 81 4. each==1458 
Ix Sum 5127 Value g; Yo22 K 


Then 5142). 350255 {72 4.=6 s. the Mean Rate. 

F 18 the Quantities are as truly aſſigned here, as in the 
ork. | 5 

wei Ce III. The Particular Rates of all the Ingredients propeſes 

be mix d; and the $7 of all their Quantities, with the Mean 

ate of that Snap being given; To find the particular Quantities 

the Mixture. a yg TERS Pte 

This is called Aligation Total, and is thus performed. 

t down all the Particular Rates, with the Mean Rate, and 

d their Differences, as before: Add together all the Oifferences 

to one Su“gz; | | 


As the Sum of all the Differences : Is to the Sum of 
nf all the Quantities given:: So is every particular 
Difference : To its particular Quantity. 

Queſt. 6. Let it be required to mix heat at 55. the Bret, 
th Rycar 3 5. 6 4. the Brſhel ; So as that the whole Quantity 
ay be 27 Buſhels, to be Sold for 45. 44. a Bufpe/; What 
uantity of each muſt be taken to make up the Mixture? 

Q 2 Mean 
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| , = 
Mean Rare 52 357 Fo 731 "2 | 


I 8=their Sum. 
Then 18; 27 :; 17 : : l © The Quantities required, 


ueſtion 3. Suppoſe it were required to mix Malaga 
7 5. 64. the Gallon, with Canary at 6's. 94. the Gallon ; S 
at 55. the Gallon, and White Mine at 45. 3 d. the Gallo 
So as that the whole Mixture may be go Gallons ; to be fol 
for 6 5. the Gallon : How much of each fort will compoſe th 


Malaga 9 35 21 
Ft White 51 18 
Mean Rate yz d. 22 81 5 9 
Sherry 60 F 12 
so their Sum. 
60 : 90 32 21: 314 the Gallons of Malaga. 
Then 050: 90 : 18: 27 the Gallons of White Wine. 
960: 90 :: 9: 1:5 the Gallons of Sherry. 
(60 90 * 12: 18 the Callons of Canary. 
Malaga go? FS 12 
Or d 72 Sherry 2 18 
e Canary 812521 
Maite 1 1855 
| 60 their Sum. 
60:90:12: 18 Gallons of Malaga. 
Then 


60: 90 :: 18: 29 Gallons of Sherry. 
60: 90 :: 21: 314 Gallons of Canary 
60: 90 9: 13z Gallons of White Wine. 


Either of theſe ways do equally Anſwer the Queſtion, as mi 
be eaſily tried by Miizati on Medial. As before, E. 7 


Note, 7 he Work of theſe Proportions may be much ſhorteih 
ſeſperially when there are many Ingredients to be mix'd) if N 
obſerve rhe ſame Method as vas propoſed in the Rule 
Fellowſhip, Page 99, &. 


I have made uſe of the very ſame Examples both in Aligat'$ 
Medial, and Alternate, throughout the three Caſes ; bei 
as I preſume, much better than if they had been differ" 
ones; becauſe the Learner may (if he confider a little 
them) eaſily perceive, not only the Difference between n 


hap, 10. Of Metals, Gravities, ce. 117 
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vo Rules, but alſo wherein the chief Difference of each Caſe 
the Alternate Rule depends, &c. Not but that I could have 
ſerted many various Examples, as alſo the Manner of Compo- 
ng Medicines, Cc. which, for Brevity ſake, I have omitted 
1 refer thoſe that deſire to ſee into that Buſineſs to Sir Jonas 
fore's Arithmetick, wherein he will find it largely handled. 
And ſo I ſhall conclude with Alligation Alternate, which altho” 
gives true Anſwers to Queſtious of that kind, with ſome little 
ariety, according as the Ingredients are More or Leſs in Number 

appears by the foregoing Examples; Yet it will not give all 
e Anſwers as ſuch Queſtious are capable of, nor perhaps thoſe 
bich {uit beſt with the preſent Occaſion: Nor can this Imper- 
:fion be remedied by common Arithmetick; but by an Alge- 
raick way of Arguing it may; whereby all the poſſible Arfavers 
any OQuleſtion may be clearly and eafily diſcover'd ; As ſhall 
> ſhew'd turther on in the Second Part. 


— 


e 
Of Petals and their Spetifick Gravities, Qc. 


Sect. 1. Of Gold and Silver. 


DUR E Gold, free from Mixture of other Metals, uſually 
called Fine Gold, is of ſuch a Nature and Purity that it 
vill endure the Fire without 2 although it were kept 
ontinually Melted : And therefore ſome of the Ancient Phi- 
oſophers have ſuppoſed the Sum to be a Globe of Liquid or 
lelted Gold. 5 

Silver having not the Purity of Gold, will not indure the Fire 
ike it; Yet Fine Silver will waſte but a very little by being in 
he Fire any reaſonable time; whereas Copper, Tin, Lead, Ec. 
ill not only waſte, but may be calcin'd or burnt to a Powder. 
Both Gad and Silver in their Purity, are ſo very flexible or 
oft (like new Lead, Ec.) that they are not ſo uſeful either in 
0m, or otherwiſe (except to beat in Leaf-Gold or Silver) as 
Pen they are allay'd, or mix'd and harden'd with Copper ot 
=. And altho' molt Places differ more or leſs in the dw 
a. of ſuch Allay, yet in Erg/and it is generally agreed on, 


Stand- 


% 1 


—___ 1 
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22 Carrafts of Fine Gold, and 2 Carrafts of Copper, bein 
melted together ſhall be efteemed the true Standard for Gal 
Coin, & c. T he French and Spaniſh Gold being very near of f 
ſame Stanaard. | 

That is, if any Quantity or Weigbr of Fine Gold, be dividi 
into Twenty Four equal Parts, and 22 of thoſe Parts be mix! 
with 2 of the like Parts of Copper; that Mixture is calle 
Standard Gold. 

Whence you may obſerve, that a Carract is not any certit 
Quantity or Weight, but part of any Quantity or Merght 
and the Minters and Goldſmirhs Divide it into 4 equal Pam 
which they call Grains of a Carract; alfo they ſuldivide one 
thoſe Grains, into Halves, Quarters, &c. | 


Standard for Silber. 


Fleven Ounces and Two Penny-weight of Fine Silver, alli 
Eighteen Penny-weight of w 4" being melted together, i 
eſteem'd the true Standard for Silver Coin, called Srerlin 
Silver. And ſo in Proportion for a greater or leſſer Prantity; 
1 8 5 Leſs Proportion of Allay for Silver, than the othe 
is for Gold. 


Note, When either Silver or Gold is Finer than Standard, i 
called Herter; if Coarſer, it's called Norſe; and that Betternel 
or Worſcneſs, is reckoned by Carratts and Grains of a Carratti 
Gold; and by Penny-weights in Silver, and is thus diſcovered: 
The Goldſmiths or Refiners, &c, do take a ſmall Quantity if 
ſuch Gold as they intend to Try (which they call making u 
Aſſay) and weigh it very exactly, then they put it into a Crucill 
and melt it in a ſtrong Fire, ſo long that if there be any Cop 
or other Allay mixt with it, that Allay may be conſum'd a 
burat away: When it's cold they weigh it very eracty again 
and if it have loſt nothing of its firſt Weight, they conclude it 
Fine Gold, but if the Loſs be 2, Part, they call it 23 Carrul 
Fine, or one Carratt better than Standard: If it have loſt x 
Parts, it's 22 Carracts fine, or Standard: If ,* Parts, it's ſaid 
be 21 Carracts fine, or rather one Carract worſe than Stan 
and fo in Proportion as it happens to be Berrer or Worſe. 

In the ſame Manner they make their Aſſay on Silver, oil 
they compute its Loſs by Perny-weights, Ec. 4 

The . of the Preſent State of England, mention 
before {page 32.) ſays, * 


a. 


57 6. Of Decals, Gravis; . 5 


— 


That the Fngliſb Coin not want neither the Purity nor 
Weight 8 is nal wiſely and carefully Rakes + 18 of 
that once every Year the chief Officers of the Mint appear 
before the Lords of che Council in the Star-Chamber at Weſt 
minſter, with ſome Pieces of all ſorts of Moneys Coined the 
foregoing Year, taken at adventure out of the Miut, and kept 
under ſeveral Locks, by ſeveral Perſons, till that A PEAranCe, 


and then by a Jury of 24 able Ge/dſmiths, in the Preſence o 
the 45" Lords, every Piece is moſt exactly Weighed and 
Aſſay'd. 

This if it were conſtantly practiſed would keep our Coin to 
true Standard, c. | * 85 
Many pretty Queſtions may be ſtarted concerning the Finencſs 
Gold and Silver, Sc. 


64 Example 1. | 


If an Ingor of Silver weighing 787 . 14 pur. 6 grains, 
bc 11 08. 6 poor. fine; How much fine S:Jver is there in it, 
nd what amounts it to, at 5 5. 15.4. the Ounce? | 
This T2gor is better than Standard by 4 pur. For 11 02. 
Pert. = 222 pat. the fine Slver in 12 02..of Standard. But 
1 68. 6 pet. = 226 part. the fine Silver in 12 02. according to 
* Queſtion. | 

Firſt 787 . 14 Pꝛor. & grains=378102 Grains. 

And 12 02.=240 put. | 


Then, As 240 : 226 :: 378702: 356046=741 o. 15 fuer. 
. the fine Ser in that Ingo. 
Which at 55. 15 4. the Ounce, amounts to 190 J. 25. 6 4. 
„ra 4% peng. 1 425 


| i 
* Erample a2. 
4 If an Iagot of Gold weighing 115 02. 13 prot. 18 grains; 


ev of a grain worle than Standard: How much Standard Gold 
there in it, and what comes it to at 3 J. 115. an Ounce? 


l Firſt 115 02. 13 prov. 18 gr. 25 55 30 Grains Troy. 
Then 24) 55530 (2313, 5=a Carratt of that Quantity. 
of And 4) 2313,75 (578,4375=a Grain of that Carract. 
Conſequently 4) 578,4375 (144, 0937 5=4 of a grain. 


Again, 2313,75X22=50902,5 ought to be the fine Gold in 
at Ig, if it had been Standard: as 
_ | But 


__ 
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But 50902,5—144,609375=50757,89062'5 is the Quantitj 
fine Geld according to the Queſtioos. + 3198 
Therefore 509025: 5075), 890625 :: 55530: 55372,244 Wl 
grains = 115 cg. 7 pet. 4,244 &c. Grains Troy, being t 
"Quantity of Standard Gold in that Ingor. As was qoivek | 
Text for the Value of it, at 3 J. 11 5. per Ounce; 1 o. 
grains. And 3 J. 11 S. IS. CEO 
Conſequently 480 : 71 :: 55372,244 &c.: ©190,4777 * 
==409 4. 105. 53 4. very near; being the Value of that Try 
As was required. OE eyes «ly SUR 
Or the laſt Queſtion may be otherwiſe wrought thus; 115 
13 put. 18 grainS—=115,6875. And ; of a Grain, of a Cami 
is {7 (dig, the {of 5) n 1's. 237-70 
| hen 22—;3=2133=21,9375. —_— 
Conſlquentiy 22 : 21,9375 :3 115,6875 115, 358842 { 
—1I15 or. 7 fr. 4,244 £74775, &c. As before. 9 
Next for the Value, As 1: 3,55 :: 115, 358842: 409, 523% 
SA. 10 5. 53 4. very near. As before. WL. 
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I take an Enquiry made about the different Graviries, « 
Weights of Metals, and other Bodies, to be (not only a Work! 
Curioſity, but alſo) of very good Uſe upon many Occafio 
Therefore ſeveral Authors have given us ſuch Proportions, 
Difference of their Weights, as they are ſaid to have one 
another; ſuppoſing every one of them to be of the ſame Magn 
rds or Bigneſi. Some of which I ſhall here inſert. f 


1. Henry Van Etten, in his Mathematical Recreations, Printtl 

Anno 1633, ſets down the Proportion of their Meights. Thus 
Gold 1875 . Lead 1165. Silver 1040. Copper 910 . Ton di 

Tin 750. Mater 100. | | 


5 2 One Alſted, in his Encyclopedia, Printed 1649, hath than 
Gold 1875 . Quickſilver. 1500 . Lead 1165. Silver 108 
Copper 910. Iron do.. Tin 750. Honey 150 . Hater 10 
Oi 90. Theſe ſeem to be taken from thoſe of Van Bites 
| wich ſame Additions pf. 

z. The Ingenious Mr. Oughtred, in his Circles of Praporti 
Printed Auuo 1660, bath their Proportions according to i 
Hofperiments of one Marinus Ghetaldi, in his Tract. cal 
Archimedes Promotus. Thus, 9 3 
Sold 3990 . Quickſilver 28 50. Lead 2415. Silver 2110 
DV 1890 . Iron 1080. Tin 1554. | 4 
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4. In the Philoſophical Tranſactions, ¶ Number 169 and 199 ) 
ere is an Account of a great many Experiments of this kind ; 
om whence I collected theſe following, vis. Gold 18888 
W/ercury 14019 . Lead. 11343. Silver 11089 . Copper 8843. 
ammer'd Braſs $349 . Caſt Braſi 8100 . Steel 7852. Tron 
643 « Tin 13421 . Pump-water to00. | 
Theſe laſt Proportions * approved of and publiſhed by 
order of- the Royal Fociery ſeem to be unqueſtionably true: 
evertheleſs, becauſe they differ ſo much from the before- 
entioned (and thoſe from one another) J have for my own 
atifation made ſeveral Experiments of that kind: And have 
preſume). obtained the Proportions of Meigbhi that one body 
cars to another, of the ſame Bulk or Magnitude, as nicely as 
he Nature of ſuch Matter, as may be contracted or brought into 
lefler Body (v2. either by Drying, or Hammering, or other- 
iſe) will admit of ; which are as followeth, 


- _ 


| Ounces Troy | Ounces Averd.| 

¶ Fine Gold, is 10,359273 = 11,365602 
Standard Gold, 9,962625 = 10,930422} 

N Quickſilver, 7,384411 = 8, 01733 

1 Lead, | 5,984010 = 6, 553883 
00 Fine Silver, 5,850035 = 6,418324] 
* Standard Silver, 5,556769 = 5,096 569 
Roſe Copper, \ 4,747I2I = J, 208369 
95 | Plate Braſs, | 4,404273 4,832116 
Caſt Braſs, 4,272409 = 4,530300] 

Steel, 4,142127 = 4,544505 
m : Common Tron, | 4.931361 = 4,422979 
Click | Hock Tin, 35861519 = 4, 36638 
"08 1:2 of < Fine Marble, | 1429411 = 1,56885g 
| Common Glaſs, 1, 360844 = 1,49303] 

en Alabaſter, | 0,988456 = 1,084477 
Dry Tory 0,962083 7,0542 

49 Dry Box-wood 0,543282 = 0,596057, 
ar Sea Water, | o, 342742 , 594894 
1 Common Clear Water, | 94521458 0,3786971 
1 1 Red Wine, 8,52 3766 0, 374644 
10 | Proof rms or Brandy, 2439268 = 0, 336796 
| Sound Dry Oak, 0,48g008 = 0,36 569 

all | Linſeed Oil, 0, 491591 , 539345 
TO Olive, | 0451569 = 5283501 
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In this Table you have the 25558 Gravity or Weight of: 
Cubick Inch, of various ſorts of Bodies, both in Troy Ouncęes and 
Aderuupois Ounces, and Decimal Parts of an Ounce, which 
can aſſure you required more Charge, Care, and Trouble, to ful 
out nicely, than 1 was at firſt aware of. by ey 

Now from hence it will be eaſy to determinę the Weight « 
any Ln yer Quantity, of the ſame Matter and Kind with thoſe 
in the Table; its Solid Content being given in Cubick Incha, 
For it is plain, that it the Nuxaber of ubick Iyches containel 
in any given Quantity, be Afultiplied with the 7: abular Weight 
of one Inch (of ths jame kind of Matter) the Product will t 
the Meight ot that Walli in Ounces, &c. N 


Example. 


Suppoſe it were required to. find the Weight of a pieced 
Alarble, containing three Solid Feet, and 40 Cubick Inches. 


Firſt 1728X3=5184 the Cubick Inches in 3 Solid Feet. 

And 5184+40=5224 the Number of Cubick Inches in tit 
piece of Marble. | | 

Then 5224X1,429411==7410,066624 Ornnces Troy. 

Or 5224X1,568859=8195,719416 Ounces Averdupois. 


The Fight of that piece of Marble, in Onnces, &c. which! 
cafily brought into Pounds, &c. The like for any of the reſt 
The Converſe of this Work is as eaſy ; viz. if the Jeight d 
any propoſed Quantity he given, thence to find the Suli 
Content of that Quantity in Cubick Inches, &c. | 
Thus, Divide the given Weight of the propoſed Quantity (" 
being firſt Red ced into Ounces, &c.) by the Tabular Weight d 
one uch (of the ſame kind of Matter) and the Quotient wills 
the Number of Cubick Inches contained in that Quantity. 


Note, If you would find what Veight any Quantity of thoſe 
Beates mentioned in the Table will have, when it is immerk 
or put into Water, you muſt Sybſtratt the Weight of an equi 

uantity of Water (with that of the Body) from the Heigl 
ot the propoſed Body (if it be heavier than Water) and th 
will Reman the Weight required. As for Inſtance, 

A Cubick Inch of Lead ==5,9840107 ,,.. FA 

A Cuvick Tnch of che my $ Ounces Tray, &c. 


——____@@ll 


___ | their Difference is, =5,441268 the Meigbr of a Cid 
duch of Laa in the Water, c. 0 - wil 


4 


n. 
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| CHAP. XL. 
Ebolntion, or Extracting the Roots out of all Single Powers; 
by one General Method. 
15 | SLOT: . | 
Velution is the Unravelling, or as it were the Unfo/ding and 

Reſolving any propoſed Power or Number, into the ſame _ 
arts ot which it was compoſed, or ſuppoſed to be made up. 
Now in order to perform that, it will be convenient to conſider 
ow thoſe Powers are Compoled, c. | 

A Square Number is that which is Equally Eqnal.; Or which 
contained under two aual Numbers. Euclid 7. Def. 18. 

Thus the Suare Number 4 is compoſed of the Two EAuα 
Nizibers 2 and 2. US. 2X2=4. x ; 
Or the Szuare Newber g is compoſed of the Two EqnaZ 
Nuinbers 5 and 3. vig. 3X3=9. According to Encitd. 

That is, it any Nauen be Multipited into it ſelf; that 
Product is called a S9are Nuiuber. 

A Cu0e is that Number, which is Equally Equally Equal, or 
phich is contained under Three Equal Numbers. Fuc. J. Def. 19. 

Thus the Cube Number 8 is compoied oft the Three Eu 
Numbers 2 and 2 and 2. viS. 2X2X2=8, Ec. 

That is, it any Nazber be Multiplied into it ſeit, and that 
redet be Multiplied with the fame Number ; the ſecond 
P0446 is called a Cube Number. - + 

Theſe Z2vo, viz. the Square, and Cube Numbers borrow their 
Names from Geometrical Extenſions or Figures; as from the 
[Three S/ gnal Quantities mentioned in Page 2. 

That is, a Root is repreſented by a Line or Side, having but 
ne Dinenſion, vis. that of Length only. 

The Huare is a Plain or Figure of Iwo Dimenſicns, having 
7141 Length and Breavth. The Cube is a Solid Body of 
Three Dimenſions ; having Equal Length, Breadth, and 
Thickneſs : But beyond thete Three, Nature proceeds not, as 
o Lecat Extenſion. That is, the Nature of Place or Space, 


he 


umts no room for other ways of Extenſion, than Length, 
adh, and I bickneſs. Neither is it poſſible to form, or com- 


ofe any Tigure or Boay beyond that ot a S914. 

And therefore all the Superior Powers above the Cube or 
bird Power; As the Biquadrat or Fourth Power, the Sui ſolid 
r Fifth Power, &c. are beſt explain'd and underſtood by a Rank 
ar $crzes of Numbers in Geometrical Proportion. 

For Inſtance : Ly 5 
Suppoſe any Rank of Geometrical Proportionals, whoſe Firſt 
Lei and Ratio are the fame; And to them let there be 
R 2 aſſigned 


_Y 
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aſſigned a Series of Numbers in Arithmetical Progreſſion, begi 
ning with an Unit or 1, whoſe common difference is alſo 1, 
in Þoge 79. 
ü „ „% „ „„ 6. 20066, 
Thus, i 2. 4.8. 16. 32. 64.128 Cc. in = 

Then are thoſe Numbers in = produced by a continue 
Multiplication of the Firſt Term or Reoe into it ſelf ; And thok 
in Arithmetical Progreſſion or Indices, do ſhew what Degre 
or Power each Term in the Geometrical Proportion is of. 

For Example; In this Series of = 2 is both the Firſt Ter 
or Root, and common Ratio of the Series. 

Then 2X2=4 the Second Term or Square. 

And 2X2X2=8 Or 4X:2=8 the Cube Or Third Term, 

Again 2X2X2X2=16 Or 8Xx2=16 the Fourth Term u 
Biquadrat, And ſo on for the reſt, 

Note, This is called Jnvolution, viz. When any Number i 
drawn into it ſelf, and afterwards into that Product, c. i 
ſaid to be ſo often involved into it ſelf ; And the Indices are tit 
Exponents of their reſpective Powers ſo involved. 
And according to theſe Hwvelutions, is formed the following 
Table of Powers ; wherein the Root is only one Single Figure 
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2 * ) 7:9 } 6561 | 590491531441] 4782969143046721 387420489 
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This Table plainly ſhews (by Tn/pe&ion) any Power (und! 
the Tenth) of all the Nine Figures; and from thence oy 
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ken the neareſt Root of any Square, Cube, Biquadrat, &c. of 
y Number whoſe Root or Side is a ſingle Figure. 
But if the Root conſiſt of Two, Three, or more places of 
gures, then it muſt be found by piece-meal, or Figure after 
gure, at ſeveral Operations. * 
The Extraction of all Roots, above the Square (via. of the 
be, Biquadrat, Sur ſolia, on hath heretofore been a very 
dious and troubleſome Piece of Work: All which is now very 
uch ſhortned, and rendred Eaſy, as will appear further on. 
When any Number is propoſed to have its Root Extratted, the 
Work is to prepare it, by Points ſet over (or under) their 
oper Figures ; according as the given Power, whoſe Root is 
ht doth require And that's done by conſidering the Index 
the given Power, which for the Square is 2. for the Cube z. 
the Biquadrat is 4. &c. (as in the precedent Table). Then 
ow ſo many Places of Figures in the given Power, for each 
gle Figure of the Root, as its Index denotes ; always beginning 
ole Potuts over the Place of Unity, and aſcend towards the Lefr 
and it the given Number be Integers, and deſcend towards the 
ght Hand in Decimal Parts. As in theſe following. | 
Suppoſe any given Number; As 75640387245 which I ſhall 
| along hereafter call the Reſolvend. | 
Then it it be Required to Extraft any of the following Roots, 
2 pointed (according to the fore- mentioned Conſideration) 
this Manner: FFW 


og Roo: Thus 955640387246 


| Cube Root 15640387246 | 
Viz. For the 


once Root 7 56 40387246 
Sur ſolid Root 7 5640 387246 
Or ſuppoſe the Number to be 0,6 74035982 
eee 
b Then for the Cube Root | 0.6 14035 982 


7 LC Biquadnrat Root 0,614035982000 


Los the Reaſon of Pointing the given Reſolvend in this 
anner; 422, the allowing Tro Figures in the Square; 7 hree 
Ses in the Cube, and Four Figures in the Biquadrat, &c. For 
e Figure in the Rcot, may be made Evident ſeveral ways; * 


0 Yo Og” ow —_— - —_ 
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I think it's eafily conceived from the Table of ſingle Pom 
wherein you may obſerve that all the Powers of the Figun 
(which is but a ſingle Figure) have the ſame Nenmber of Place 
Figures, as the ſndex of thoſe Powers denotes : Therefore 
many Places of Figures muſt be taken or aſſigned for every 10 
Figure in the Root. Conſequently by theſe Points is Hut 
how many Places of Figures there will be in the Roor, vis, | 
many Points as there are, ſo many Figures there muſt be int 
Roct, and whether they muſt be 7:rego75 or Decimal Part 
cafily determined by the reſpective Places of the Points. 


| Wn 
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And Firſt how to Extract the Square Root, according tot 
common Method. 
Having pointed the given Reſolvend into Periods of T1 
Figures, as before directed; then by the Table of Powers ( 
otherwiſe) find the greateſt $7 are that is contained in the ji 
Period towards the Leſt Hand ; (ſetting down its Root, like 
Quotient Figure in Diviſion) and Subſtract that Square out 
the ſaid Period of the Reſolved : To the Remainder brit 
down the next Pericd of Figures, for a Dividend, and doubi 
the Root of the fiſt uare for a Diviſor ; inquiring how ot 
may be had in that O. vidend; So as when the Quotient Fig! 
is annexed to the Diviſor, and that wcreaſed Diviſor bei 
Multiptted with the fame Quotient Figure, the Product nl 
be the greateſt Nzzber that can be taken out of that Divide 
which $2b/traft from the ſaid Dividend, and to the Remain 
bring down the next Period of Figures, for another Neu 
vidend : Then ſee how often the Laſt incregſed Diviſer, dil 
be had in the New Dividend ; (with the ſame Caution as V:(f 
vis.) So as that the Quotient Figure being Annexed to 
Diviſor, and that increafed Diviſor Multi plied with the ſan 
Quotient Figure, their Product may be the greateſt Nun 
that can be Subſtracted from the New Dividend. (As befor) 
And ſo proceed on from Pericd to Pericd ; (viz. from Point 
Point) in the very ſame 7477227, until all be finiſhed. | 

An Example or To being well Obſerved will render the Wat 
of torming the New Diviſors, &c. more Plain and Eaſy, tu 
can be Expreſſed in a Multitude of Words. 25 


Example 1. Let it be required to Extract the Suare Ri 
out of 572199960721. This Reſolvend being prepared 0 
pointed as before directed, will ſtand * 


„ 2 — 
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—_— 47219980721 (256439 the Root. 
49 the greateſt Sgzuareè in 57. 


iir 145) bar | 
1 p 125=145 X 5 | 
Diver 1506) 8699 
6 9036=1 506 X 6 
Piviſor 151 24) 66396 
1 4  _60495=15124X 4 
Divi ſer 151283) 590007 
433849 2151283 K 3 
Diviſor 1512869) 361582 1 =, 
9 1361582 1=1 512869 * 9 


— — 


Proof 756439956439 = = 572199960721 the Reſolvend. 


Examfle 2. What's the Square Root of 1850501,764025? 
10 ation » 1850701976462 (1 360,405 


_ 1607 | Henee 1 360,405 is the 
6 1596 e Root required. 
17204) 1101,76 
4 1088 16 
1720805) 13 504025 
5 13 604025 


7 — — 


— 


fer (o) 
Ws Ex. z. What's the Square Root of 0,96076225 Decimal Parts ? 
al 


ore Operation e 228: (0,2465 the Root required. 


it i 204=42 X 2 
144) 207 
Vat Js. 176 0,2465 X 0, 2465 = 
tag 86 * Proof J 0,06076225 the 
Re + 2916 Keſolvenũ. 
5 . 
1 14925) 24625 
[11 (0) What 


—— 
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What is here done in Whole Numbers, Mix'd Numbers » 
Decimals, may alſo be done in Vulgar Fractions; if you fi 
Change the given Fraction into Decimals; (As in Sect. 5. p. f 


Exam le 4. Let it be required to Extract the Sguare Rl 
R 88 EY 
* | Then o, 64 (,8 the Root required. 

164 

(0) 3 

In theſe Four Examples the * hath been a pe 

Square ; and therefore the Root hath been Extracted withn 
Leaving any Remainder: But it very often happens that i 
Rejolvend is not a true Figurate Number, according to t 
propoſed Power. That is, it's not a perfect Square, Cu 
Biquadrat, &c. and then ſomething will Remain after t 
Extraction hath been made throughout all the Points. Su 
Numbers are called Surd Nimbers, and their Roots can nt 
be truly found, but will become a Continued Series, ad infinitut 
If to the Remai nder there be ſtill Aune ved Cyphers according 
the propoſed Power requires, vis. by Tivo's in the Squan 
T hree's in the Cube, Four's in the Brquadrat, &c. And ti 
Operations continued on as before. 


Example 5. Suppoſe it were required to Extract the Hut 


Root of 6968. 3 
Operation 6968 (83,4745, Sc. 


I2 4400 
11 6809 


166944) 759100 
4+ 667776 


1669485) 9132400 

B 8347425 
1669490) 784975 Oo. 
Thus the Root of any Surd Number may be continuei 
to what Exatctneſi you pleaſe, but cannot be truly found. | 
In my Compendium of Algebra, Chap. 9. I have prop 
another way of Extracting the Square Root, and there gf 
Examples of the Work: which to avoid Prolixity is thus; 


Hau 
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Having pointed the given Reſo/vend, and taken the greateſt 
11are to the firſt Point from it; as before. Then Divide the 
lemaiuder of the whole Reſolvend by 2 (that is, halve it) and 
Pint it a New. (This I call a NezwDividend) Then make the 
Pot of the firſt $9uare a Diviſor, inquiring how oft it may be 
und in the New P;»i42n4 to the next Figure forward, 
ſerving that Figure under the next Point, for the half Square 
the Quotient Figure. Which being found, Multiply the 
Diviſor with it, adding to that Product the Tens of the half 
are if tfere be any; As in plain Divi ſion. | 
Then annex the Protient Figure to the laſt Diviſor for a 
ww Diviſor, with which proceed in all Reſpects as with the 
Diviſor ; and ſo on until all be finiſhed. 


Example 6. What's the $q1are Root of 2 990667969 


Operation 299066 7969 
— ( 5 The firſt Single Root 
2) 490667969 The Remainder to be Divided by a. 


rſt Root 5) 245333984,5 (54687 5 
TI 208=5X4 : +# the Square of 4 vis. 28 
1d vi ſor 54) 3733 5 

+ 6) 3258=56X6 : + £ the Square of 6. 


wiſer 546) 47539 
I. S) 43712=546x8 : + + the Suare of 8, 
wiſor 5468) 382784, ) | 

7 382784,5=5468X7 : ++ the Square of 7. 


. =w_ 
Hence the Root is found to be 54687 As vas required. 


All the difficulty in this Merhod is only in the true placing of 
% Square of the Quotient Figure, when in happens to be 
04d Number; In that Caſe you muſt bring down one Figure 
re of the Dividend; viz. of the next Period; under which, 
ice the odd 5 that will a/ways ariſe from the half Square of an 
Number: As 5 whoſe Square is 49 ; the half of which is 24,5 
be placed as in the laſt Operation of this Example. 


B Ven the Number of Figures in the Root of any Surd 

mber are limited; you need not proceed in Extracting the 
02 ole Root as before; but only to One Figure more than half 
zn ö Number of Figures; for the reſt may be obtained by 


* Divifion only. 
WW - 


8 Eramfle 


Trichmetick Par 


Erample 7. Suppoſe it were required to Errraci the Sn 
Root of , (a Surd Nb) to have 12 places of Figures fs 


77 


7 (2.645751 
4 


— — — 


Remainder 3. 


Firſt part of the Root. 


+ 


2, 64575) 
r ,COOCOL 


— 


1, ro=balf the Remainder. 
1,38=2X,6 : + + the Square of o, S, 18 


—— , 


3 


2,64575 1 


. ) 


" 


1987500 

1851745 
13575 00 
13228625 


n_ 


34687 500 
26457505 


8229995 


Having thus got 7 of the 12 Figures required in the Ru 
the reſt may be ea/ily found by the contratted way of Diviſi 
propoſed in Page 68. | | 7 I 

Thus, 2,645751) 8229995} (2,54575131106 

* 2232233 | 
9] 
264575 
28167 
286457 
1710 
222 
(1374 


Hence I find the Root of y to be 2,6457131 706 4 ® 
required. 1 | 


Thus you have Two ways of Ertrading the $4uare RM 
either of them may be practice as every onè likes beſt. * 


— 
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ll. lth. 
* 


Sect. 3. To Extract che Cube Root. 


The Aſethod that I ſhall here propoſe for Extracting the Cube 
oot 542 of 'Two Caſes; both which are to be very well 
pſerve 

Having pointed the given Reſolvend, (as before directed) vis. 
to Periods of Three Figurei 5 Then ſeek a Cube Number by 
e Table of Powers (or ee yes that comes-the neareſt to the 
rſt Period of the Reſolvend, whether it be Greater or Leſs 


an that Period. 


Caſe 1. If the Cube Number ſo taken, be Leſs than the Firſ 
eriod of the Reſolvend, 


Call its Root Lels than Juſt, | 
And Subſiraf? that Cube from the Firſt Period of the Reſolvend, 


Caſe 2. But if that Cube be greater than the Firſt Period of 


e Reſolvend, | 
Call its Root Moꝛe than Jult. . . 


And Subſtract the Reſolvend from that Cube, Annexing Cy- 
bers to it, that ſo Subſtraction may be made. | 
To the firſt Root whether it be Leſs, or More than Juſt 
mex ſo mary Cyphers as there are remaining Points over the 
hole Numbers of the Reſolvend, and Aſultiply it with 3; Then 
ake that Product a Divi ſur; by which you muſt 4, e the 
ifference between the Reſolvend and the foreſaid Cube, then 
ill that Quotient be the Reſolvend Depreſſed to a Square z and 
erefore it muſt be pointed as ſuch : viz, into Periods of Two 
gures each. That being done, make the Firſt Root (without 
boſe Cyphers that were Annex'd to it) a Diviſor, inquiring how 
t it may be found in the Firſt Period of the New Reſolvend, (as 
fore in Extracting the Square Root) with this Conſideration, 
at it the Root, (now a Divi ſor) be Leſs than Jt as in Caſe I, 
du mult Annex the Quotient Figure to it, and then Multipiy 
e Root ſo increaſed, into the ſaid Quotient Figure; Setting 
wn the Units place of their Product under the Pointed & ok. 
tat Period, Subſtracting it, as in Diviſion. And ſo on from 
e Period to another. As before. | 
But if the ſaid Root (now a Diviſor) be More than Juſt, as in 
iſe 2. Then you mult Subſtraft the Quotient Figures from a 
her Annex'd,or ſuppoſed to be Anne to the ſajd Diviſor 5 
lultiplying the Root ſa Decreaſed into the 8 Figure; 
N their Product as before, &c. An Example or Tuo 
each Caſe will render the Work Plain and Eſp, 

8 3 Example 
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Arichmetick 
Example r. : 


What's the C::be Root of 146363183 the given Reſolvend, t 


be pointed thus 14636 3183 ( 5 the Firſt Root, Leſs than Fa 
125=the-neareſt Cube to 146 


Pakt 


— 


*— 


500 * 3=1 500) 21363183 ( 14242,12 New Reſolved 
Firſt Root 5) 14242,12 ( 527 the Root required. 
2 104 8 
1. Diviſor 52) 38342 | 
7 3689 | 


— — 


2. Diviſor 327 (153) the Remainder to be rejected. 
Here the Root 527 is the true Root at the firſt Operation, u 
may be eaſily tried by Involving it. e | 
That is 527 X 529 X 527 = 146363183 the given Reſolvenk 
But if it had not been he true Root; Then every thing tha 
hath been here done muſt have been repeated; Oy inſteade 
the firſt ſingle Root (viz. 5) you muſt have taken the Hacreaſi 
Root (viz, 527) and this I call a Second Operation; Whit 
would T:1creaſe' the Laſt Root to Nine places of Figure; 
viz. every Operation Triples the Niunber of places in the I 
Root; As will appear further on. N | | 
N. B. It often happens that Four, or ſometimes Five Plc 
of Figures may be taken into the Root; Eſpecially when th 
Second Place proves to be a Cypher. Chat is, when the Fin 
Cube comes very near to the Firſt Pericd of the Reſolvend. 


Example 2. 


What's the C::b2 Root of 67 307824239 { 4000 Root Ii) 
Firſt neareſt Cube ge (than 7uþ 


Root 4000 X 3=12c00 3507824239 (292318, 68 8 


＋ = * - 5 n 
+ 292318,68 (40/1, 8 
I. Diviſor 40) 2923 


r 
2. Diviſor 407) 7418 
. 


3. Diviſer 40%) - 3347,68 
ED 3857-44 GG. 


— 


Root = 4071,8 | 
In this Erample I have taken Five Figures into the Ri 
becauſe the Secorud Place proved to be a Cypher. And in " 
g 


: 


—— 
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Exceſs is not an Unit in the Laſt Place; for if there 
bo . a / he Operation, the Root would be 4071,78 Ec. 


may be eaſily tried. 


\ Example 3. 

Tet it be required to Extract the Cube Root out of this 

umber; 8 8 a 
Viz. 976379602989013960279630298890 

ve neareſt Cube to 976 is 1000 hoſe Root is 10 being More 


7 uſt . „ * * . * . . „ . 
nfm is IO00000000000000000000000000000 * 


＋ 976 37960298907 39602796 302 9880 the Reſolverd. 
Remains 236203970 109260397 20369701110 


e Firſt Root 19000000000 X 3=30000000000 the Diviſor 
en 30000000000 ) 236203970I09260397203697J0III0 (* 


. 


ꝗ—n CCC 


„„ . 0000000000 
rt Root 10) *787346567030867990 = New Reſolv. 


> _. 09... 8. SEL (007929 
p Diwviſor 100 7873 
FF 


_—_— 


Divi ſor 993 92246 Firſt Root=1c000000000 . 


0 — 9 89289 — 007929 
t 5 — . — — — — 
Divi ſor 9921 295756 9920710000 | 


— 2 198416 


Divi ſor 99208 97 24070 


7 "mw 9 8928639 
V8 Diviſor 992071 Kc. 


At this Firſt Operation I take but 99207 to which I Annex 5 
hers tor the Remaining Points, viz. 9920700000 which being 
volved to the Third Power or Cube, for a Second Operation, 
will be 9763981 560227 43000000000000900 | 

— 9763796029890739602 19630298890 Reſolvend 


Remains 1855303366903972036970LII0 


he Laſt Root 9920700000 X Z==2 9762100000 the new Diviſor 
Mm 29762100000) 18553033669039720369Jo0IIIO a 


*623377841921091 The Quotient or New Reſolvend. 


Laſt Root 99207, being More than Juſt, therefore the new 
lartents muſt be Subſtracted, as in the Laſt Operation. 


Thus 


— 2 


Arithmetich. ELL 


62337) 84 921091 (6283645 
. 972384 Note tf 
Di vi ſor 992064) 28139441] Operation; 
3 — 2 19841276 N 
Di vi ſor 206 8 | 8298165 07 t 15 

1 i = 8 223009 - Lane 
9 © 99206372 3617656 1 
| 297619 V11OYS & 

— — — ter te 

64037459 %% are nei 
. 59523122934 and mh 
9920637164 4513122300700 Have been. 

. 2968034844. mitted. - 
99206371635 5449681415600 | 
= 05 4960318581775 


— — —— — 


— 


9920637 163,55 „ 
Laſt Root 9920700000 
: — 62836, 45 &c. 


ä 9920635163, 55 the Root required. 
Thus I have obtained the C Root to Twelve Places of H 


gures, Vit. 9920637163,55 at Two EI being but a 


Unit too much in the Laſt Place of it, as may be tried 
invelwing it to a Cube, and comparing that Cube with the gi 
Re ſolvend. 

In the ſame manner the Cube Roots of Decimal Parts ; or i 
Vulgar Fraftions, being firſt changed into Deci mals, may | 
Extracted. 


2 


Sect. 4. To Extrad h Biquadrat Root. 


In Extrafting the Biguaurat Root, or that of the Fou 
Power ; (and indeed the Roots of all even Powers) there! 
ſome ſmall ODiioulties, not ſo eafily Evpreſs'd and Explain'di 
a few Words, as they are by an Auge braic Theorent (ſuch as ſuil 
be ſhewed further on) I have therefore in this place, made obo 
of Extracting ſuch Roots by Taro ſeveral Zxtraftions ; And th 
rather, becauſe I preſume the Reader by this time thorong|) 
acquainted with the Buſineſs of Evrracting the Square Root, N 
which this may eaſily be performed. Thus: 

Firſt Extract the Square Root, of the propoſed Reſolvenh 
Then the Square Rcot of that firſt Root will be the Brquaard 
Root required, *. | | | 
ob oy | | Ex am 


* 
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Example 1. What's the Biquadrat Root of 4857532416 ? 
rſt Extract its Square Root, | 


Thus 4857532416 BY | 
—, 36=the greateſt Suare, whoſe Root is 6. | 


1257532416 Remainder to be Divided by 2. 


irſt Root 6) 628766208 ( 69696 


, 9 5805 : 
7 69 4826 
| 4 
, 696 668620 ] | | 
I : 4 : « i 
6969 418158 | | 
418158 


(0) | | 
« - +» being the jr Root, whoſe Square Rook 
Then 69696 ; mult now be Extracted. — g 
29696 Remainder to be Divided by 2. 


irſt Root 2) 14848 ( 264 the Biquadrat Root as was requir d. 


r 


264 (o) 
is is ſo Eaſy I need not inſert any more Examples. 


gedt. 5. 2 Extrad he Surſolid Root. 


Having pointed the given Þ „ according as its Index 
noten; v12. into Periods of Five Figures; Seeking ſuch a 
urſolid Number in the Table of Powers (or otherwiſe) as comes 
e neareſt to the Firſt Period of the Reſolvend, whether Greater 
Leſs ; aud call its reſpective Roo? accordingly ; viz. More 
an Juſt; Or Zeſs than Fuſt 5 Annexzing ſo many Cyphers to 
as there are remaining Periods of whole Numbers in the 
elend. As before in Extracting the Cube Root. ; 
Then find the Difference between the Reſolvend, and the Surſolid = 
unber ſo taken, by ſubſtracting the Leſſer from the Greater, 
before in the Cube). Next find the Cube of the aforeſaid 
COIL Surſolid 


2 


* 8 


Surſolid Root with its Annexed Cyphers, (which you' may alſo 
by the Table of Powers) and Multiply that Cube with 5 
Index of the Surſolid, the Product muſt be a Divi ſor, by whi 
the Difference between the Reſolvend and the Surſolid Nun 
muſt be Divided; that ſo it A depreſſed to a Square ( 
before in the Cube) which muſt be pointed into Periods of J 
Figures each, calling it the New Reſolvena, (as before). Th 
make the Firſt Root, without its Cyphers, a Divi ſor, Inquiry 
how oft it may be found in the Firſt Period of the New Ref 
dend, with this Conſideration, if the Root (now a Diviſor)) 
Leſs than uſt, you muſt Annex Twice the Quotient Figure1 
it; but if it be More than uſt, you muſt Subſtraft Tavice t 

uotient Figure from a Cypher either Anne ved, or ſuppos! 
be Annexedgg that Divi ſor or Root, * it ſo Ince 
or Dimini with the ſaid Quotient Figure, ſetting du 
their Predutt, &c. as before. An Example in each Caſe vil 
render it plain and eaſy. 


736 


Example 1. Suppoſe it be required to Extract the Srſili 
Root out of this Number 12309 502009375. | 


12309502009375 The Reſolvend Pointed. 
The neareft Suirſolid Number to 1230, the Firſt Period of tl 
Reſolvcnd, is 1024, whoſe Root is 4 being Leſs than Juſt. 


Therefore 1230950200937 5 
— 1024 


2 


2069592009375 their Difference. 

| Next the Cube of 400 is 64000000 per Table, &c. 
And 64000000 X 5 = 320000000 the Divi ſor. | 
Then 32000c000) 2069502009375 (6497 EF. 


Firſt Roor 4) 6467 (15 
+IX2=2 42 Firſt Reot=400 
IN e PEPE: * 

Diviſor 42 2267 | 
+5 X2=10 2150 > the true Root 415 as requiſth 


That is 475 is the Sur ſolid Root of the given Reſolvend. 2 
may be eaſily tried by involving it to the Fifth Power. 


Fiz. 415X41 FXAT5K4TI5KAI5=123095920092 the gie 
WES | Branf! 


* 
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Example 2. What's the Sur ſolid Root of 2327834559873 
The neareſt Surſolid Number to 232 is 243 whole Rost is 3 
ing More than Jute 
Therefore 2330000000 0 

8 — 2427834559873 


Remains 1021654401 27 For a Dividend. 
he Cube of zoo is 27000000 And 27000000X5=1 4 5000000 
hen 135000000 ) 102165440127 (756,810 New Reſolvend, 


Firſt Root 300) 756,810 (2,558 


— O2 & 228 4 592 | 
Diviſor 296) 164,8 as 
—jX2= 1,0 n 
2. Didi ſor 295,0) 17,2810 


o X22 51 ' 14,7450 
294, 90) 2, 53600 Ec. 
The Firſt Root was 300, being More than Zu/. 


Therefore it is — 02,55 


— — — 


The New Root, 297,442 And is very near the true 
got, which is 297,436 Oc. Now the Reaſon _ 
s Roct comes out to ſo many places of Figures at the Fir 
eration ; is becauſe the do's Sur ſolid Number was To near the 
Leſolvend, &c. As before. va | 


— "OY OE CREE 8 _——_——_ 


Sect. 6. To Ertrad e Root of e Square Cubed. 
This may be eaſily performed by Zxro Evxtractions, according 


its Name denotes. 

Thus, Firſt Extract the Square Root of the given 8 5 
en Extract the Cube Root of that Snare Root: And it will 
the Roor Required. That is, it will be the Roc of the S 
D . + - mo, 

Or thus, Firſt Extract the Cube Root of the Reſolvend, then 
tract the Square Root of that Cube Root: And it will be the 
vt Required. | 
Example 1. Let it be Required to Extract the Suare Cube 
vor out of this Mumber 145220539353515625 the Reſolvend. 
Firſt I Extract the Square Root of this Reſolvend, which I. 


ke to be the b 1 ; 
| e beſt and eaſieſt mw! Thus 


plt 


Arithmetic. Patt 


TR EE SIE 6A 
. 145220537353515625 
—_— 


Remains 55220537353515625 To be halyed, 


ha "WY 27610268676757812,5 ( 381078125 


272 


$0.3 4102 
1 

3810) 2976867 
N 7 2667245 
38%) 3096226 
+ 224892 


381078) 47634757 


—+ 1 38107805 
* — — — 
3810781) 95269528 
+ 23 > 76215622 * 
238107812) 1905390612, 
+ 1 29022287277 
381078125 1 


Having found the Square Root of the given Reſolvend, | 
proceed to Extract the Cube Root of that Square Root. 


| 


That is, of 381008125 
| — 343 = the neareſt Cube, its Root is 700 


Then 700 X $=2100) 38078125 (18161 
Firſt Root ) 18161 (25 


+2 144. 
2. Diviſor 72 3761 Firſt Root 700 
3 * 25 
2. Diviſor 725 (136) 725 


; Hence I find 725 to be the Square Cube Root required ;6 
= may eaſily be tried by avolving it to the Sixth Poruer- 
That is, 725X725X725X725X725X725 will be ſom 
145220537353 515625 the given Reſolvend. 


„ 
' 
o 


go 


K 
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ect 7. To Extract the Root of the Seventh Power. 


Having pointed the given Reſolvend, as its Index Denotes, vis. 
to Periods of Seven Figures, ſeek out ſuch a Number of the 
event Power, by the Table of Porvers, as comes neareſt to 
e Firſt Period of the Reſolvend; whether it be Greater or 
er, calling its reſpective Root More than Zuſt,, or Leſs than 
wt, Annexing its proper Number of Cyphers, &. As in the 
ube and Spur ſoltd. 
Then find the Difference between the given 45 whe; and 
at Number of the Seventh Power ( found by the Table of 
Doxrers) by Subſtrafting the Leſſer from the Greater. 
Next find the Sum ſolid or Fifth Porrer of that Root with its 
Wnnexed . (which you may alſo do by the Table of 
Des) and Multiply that Surſolid Number with ), the Index 
{ the given Reſolvend, that Product muſt be a Divi ſor, by 
hich the foreſaid Difference muſt be Divided; that ſo it may 
e Depreſſed to a Square, to be Pointed, &c. as before in the 
ube, &c. then make the Firſt Root, without its Cyphers, 'a 
W:viſor; working with it and the New Reſolvend (as before) 
nly here you muſt Increaſe, or Diminiſb the Diviſor with 
brice the Quotient Figure. 


Example. 
What's the Second Sur ſolid Root, or that of the Seventh Power. 


of 3732365539 . 507812 ; the Reſolvend pointed. 
— 2178 the neareſt Number of the Seventh Power. 


I55436553955078125 their Difference. 
The Firſt Root is zoo being Leſs than Juſt; And the Fifth 


Power of zoo is 2430000000000 which being Mrlriplied with 
18 170 IOOOOOOOOOO for A Didi ſor, by which the aforeſaid 
Difference muſt be Divided; which Contracted may ſtand thus 


101) 15543655 (9137,95 Oc. 

Firſt Root 3) 9137 (25 

T 2 X . | Firſt Root=300 
Diviſor 36 2937 | ESL 
ÞT5X3=15 1875 True Root 32 5 


Diviſor 375 (62) the Remainder to be rejected as before. 
2 | Hence 


—_— — — a 2 


| 1 Part | 


Hence I have found 325 to be the True Root required, th 
is, the True Root of the Seventh Power. 

I think it needleſs to proceed tarther ; vis. to inſert Exam] 
of bigher Powers, For it what is already done be well underſto, 
it will be Faſy to conceive how to proceed in Extractim th 
Root of any Single Porver how big ſoever it be (for the Methy 
is General and alike in all Powers) due regard being had g 
their Hdices; and to the Firſt Single Side or Root. That! 
whether it be Mere, or Leſs than Zuft, &c. 

Yet methinks I hear the young Learner ſay, *tis poſſible 1 
follow the Directions and Examples, as they are here laid dom 
but ſtill here is not the Reaſon why they are ſo, and { 
performed ; And why there ſhould be a Remainder Left ak 
the Tiue Root is ſound; viz. when the given Reſolvend hat 
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a True Root of its kind. | 
"Tis true, the Reaſops of theſe are not here laid down; neithe 
zndecd can they be rendred ſo plain and intelligible by Words, a 
by an Algebraick Proceß, from whence the THeorems or Rul 
here given, had their 7ſt Invention; as ſhall be ſhewed in th 
next Parr, when I come to treat of Reſolving Compounded 
Aafected Aquations; however, take this ſhort, and gene 
Account of this Method. 1 
This, and all other of the new Methods of Couvergiug Serit 
(as they are called) are very different from the former (and {lil 
common) Merbeas of Extrafting Roots, which requires the Fi 
ſeugle Side or Ret of the Firſt Period (in any Reſobvend) to 
taken exactly True, and then by Invelving, and other Tedioll 
Ways of ordering it, there is formed a Diviſor; which, wy 
to grote out by Trials a Second Figure in the Root. And 
preceeas on from Point to Point; (tall repeating the whole Work 
for every ſingle Figure that comes into the Root. And if I 
Chance there be a Miſtake or Error committed in any one Figiſ 
(as *ris poffible there may) it ſpoils the whole Preceſs, whid 
muſt then be wholly begun a Nexr, or at Leaſt from that 70 
of it where the Error frſt entered. 
But the Nature and Defigr of the Method which J have het 
Laid down is quite otherwiſe; it being ſo contri ved, 38" 
gradualiy Leſſen the Difference betwixt any propoſed You 
and the like Pęærer of another Nimber aſſumed; vis. it Le" 
that Differance until it's either quite Vaquiſhed, or become ® 
Inſiniſely ſinall as to be Inſignificaunut. 5 
Therefore when any Naber is propoſed to have its N 
Extracted ; it is here required to take the next neareſt Ro 
ot the firſt Pericd in the Reſolpend; that ſo the "oy es 
4 6 ctw 
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twixt the given N and the Homogeneal Porrer (viz, 
e like Power) of the Root thus taken, may be LZeſs either 
Exceſs, or Defect, Which Difference being Reduced, or 
depreſſed Lower, becomes ſo A N that by pun Diviſion 
onparativcly) there will ariſe uch Qrioticut Figures as will 
th Correct and Increaſe the Firſt Root to Three places of 
igures at leaſt, ſometimes to Four, or Five places of Figures; 
cording as the faid Firſt diſſerence happens to be More or Leſs ; 
If which you may have obſerved Inſtances) : But yet there 
ill be a Kemainaer left, and perhaps an Exceſs or Deſect in 
e Root ſo Increaſed, viz. in the Laſt Figure of it. 
Now to vrectiſy the ſaid Exceſs or Defect in the Root, and 
ai ſccver whether the given Reſolvend be a true Fignrate 
nber, or not: That is, Whether it have a Ty Root of its 
ind. It will be nzecefſary to make a Second Operation; by 
pking the Roct ſo licreaſed, and prececding with it and the 
ven Reſolvend, in all reſpects as in the firſt Work (like to the 
Third Example of Hvtracting the Cube Root) I ſay, if the 
liven Neſolvend have a True Root, it will appear at this Second 
Pferation, and all the aforeſaid Differences, &c. will be Van- 
; Provided the Root required is not to have more than 
Nree (or Tour) places of Figures in it. | 
But if the Roc? be to have more than Three Figures in it; Or, 
at the given Reſolvend prove to be a Surd Number. Then 
here will be a Difference as before; which will afford Quotient 
Figures to Rectity and Increaſe the Root laſt taken, to Three 
imes as many places of Figures, as it had at the Beginning of 
hat Second Operation. As you may ſec in the aforeſaid 
xamfle 3. of the Cube Root; wherein that Root is increaſed to 
welve places of Figures at Zaro Operations : which if it were to 
e Extracted the Old (and {till Common) way, it would require 
at Icalt Forty times the Number of Figures I have here ale. LD 
Again, if there chance to be a Miſtake committed in any 
Operation perform'd by the Merhcd here laid down, that Miſtake 
will not deſtroy the precedent Work, but will be Rectified in 
the next Operation, although it were not diſcovered before. And 
thus you may proceed on to a Third Operation, which will afford 
27 places of Figures in the Root, &c. with very little Trouble, 
if compared with former Mer he ds. 
This brief Account, which I have here given (by way of 
Explaining the Nature ef this Methed of Extrafting Roots) be- 
ing well conſidered and compared with the ſeveral Operations of 
tne foregoing Examples, muſt needs help the Learzer to form 
ſach an Idea of it, that he cannot (I preſume ) but anden 
THER — : ow 
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how to proceed in Extractiug the Root out of any Single Pom 
how high ſoever it be; without the Help of an Algebra 
Theorem. Not, but when that comes to be once underſtor 
the Work will be much readier and eaſier perform'd : As y 
ap in the next Part. | 

did intend to have here inſerted, the whole Buſineſ 
Intereſt and Annuities ; but finding that it would require 
large a Diſcourſe, to ſhew the Grounds and Ren ſons of the ſere 
T heorems uſeful therein, I have therefore reſerved that Work | 
the Cloſe of the net Part. Neither indeed can the Raiſing, 
thoſe 7 heorerns be ſo well delivered in Fords, as by an Algebraiq 
way of Arguing; which renders them not only much ſborte 
but alſo plainer and eaſier to be underſtood. 

I have alſo Omitted that Rule in Arithmetick, uſually cally 
the Rule of Poſution, or Rule of Falſe : Becauſe all fad 
Queſtions as can be Anſwered by that Gueſſing Rule, are mud 
better done by any one who hath but a very ſmall ſmatteringd 
Algebra. I ſhall therefore conclude this Part of Nuzmerid 
Arithmetick ; and proceed to that of Algebraick Arithmetic 
| wherein I would adviſe the young Learner not to be too haſtyi 

paſſing from one Rule to another, and then he will find it yen 
eaſily to be attained. 
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Aving formerly rote a ſinall Traf of Algebza, perhaps 
it may ſeem (to ſome,) very improper to Write again 
upon the ſame Subject; but only (as the uſual Cuſtom is) 

zve referr'd my Reader to that Traft. However, becaufe-the 
lowing Parts of this Treatiſe are managed by an Algebraick 

ſcthod of Arguing ; which may fall into the Hangs of thoſe 

ho have not ſeen that Traft, or any other of that Kind ; I 

bought it convenient to accommodate the Young Geometer with 

je Firſt Elements, or Principal Rules, by which all Operations 
this Art are per formed; that ſo he may not be at a Loſs as 
proceeds farther ons: Beſides, what I formerly wrote was only 

Compendium of that which is here fully handled at large. 

The Principal Rules are Addition, Subſtracion, Pultiplication, 

diviſion, Involution, and Evolution, as in common Arithmetick 

t differently perform'd) ; and therefore ſome call it Algebꝛaick 

rithmetick. Others call it Artthmetick in Species, becauſe 

| the Prantities concerned in any Queſtion, remain in their 
ubſtruted Lerters (howſoever manag'd by Addition, Subſtraction, 

Multiplication, &c.) without being deſtroyed or changed into 

ers, as Figures in common Arithmetick are. | 

Mr. Harriot called it Logiſtica Specioſa, or Specious Compu- 


ion. f 
; CHAP. 


Part 
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Concerning the Pethod of Noting do Nuantities ; « 
Tracing eir Steps, Ec. 


| Sect. 1. Of Notation. 
E H E Aſethed of Noting down Tetters for Onantitie; 


darious, according to every one's Fancy; But I ſhall ha 
follow the ſame as in my former Tra&: And repreſent t 
Quantity ſought (be it Tine or Number, Ec.) by the ſmall ({ 
and if more Yates than One are ſought, repreſe;zt them 
the other adi Vowels, e. uu. or . * | 
The given Quant ities are repreſented by the ſinall Conſond 
. c. A. . g. &. 
And for Diction ſake, mark the Points or Ends of Tin 
in all Schemes, with the Capitul or Great Letters, viz. A. 
C. D. Ec. 
When any Quantity (either given or ſought) is taken md 
than Once, you muſt prefix its Number to it; As 34 ſtands 
a taken Tee times, or Three times a, and 70% ſtands for ſe 
times b, &c. | | 
All Numbers thus prefxt to any Quantity, are called Cf 
cients or Felloww-Fattors ; becauſe they Multiply the Onantit 
And if any Orantity be without a Coefficient, it is always i 
d or underſtood to have an Ur prefix d to it; As 4 is 
or b is 1, &c. | | 
The Signs by which Quantities are chiefly managed are i 
ſame ; and have the ſame Siguification, with thoſe in the I 
Part, page 5. which I here preſume the Reader to be very 
acquainted with. To them mult be here Aaded theſe T hree mot 


©? Tnvolution. 
ned _ Sign of? Evolution, or Extracting Roots. 


V 4 Irrationality, or Sign of a Surd Root. 

All Quantities that are expreſs'd by Numbers only (uu 
Vulgar Arithmetick) are called Abſolute Numbers. 2+ 
Thoſe Quantities that are repreſented by ſingle Letters, 
a. b. c. d. &c. or by ſeveral Letters that are immediately join 
together; As 4b. cd. or 1bd. &c. are called Simple or Si 
whole Quantities. | | 
Bur when afferent Quantities repreſented by different © 
unlike Lerters, are connected together by the Signs (+ or 


As a Tb. ab. or al de. &c. they are called Compornd wit 
Quautities. : | 


1 
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And when Quantities are Expreſs'd of ſet down like Vulgar 
a a ar ab ae 1 

ations, Thus 7 Or * Or any &c. 

ey are called Fracticnal or broten Onantities: 

ne Sg where with Quantities are Couuscteu, always belongs 

| that Cuantity which immeditely follows it; And therefore 

the Qdantities concern d in any Queſtigu, may ſtand in any 

er at Pleaſure, viz. the molt convenient for the next Operation: 

34 +b—d may ſtand thus þ —4 +a: Or thus a -A 

E d +4 + b &c. theſe being ſtill the ſame, tho' differently 

aceda. | : | 

That Quantity which hath no Sig before it (as Generally 

2 Leading Quantity hath not) is always underſtood to have 

> Sign + before it. As à is ＋4 Orb—d is + b— 4d Ke. 

the Sign + is the Afirmative Sign, and therefore all Leading 

Poſitive Quantities. are underſtood to have it, as well as thoſs 

at are to be Added. 1 1. Ara 

But the Sign — being the Negative - Sign; or Sign of Defect, 

re is a Neceſlity of Preſtxing it before that Quantity to which 

belongs, where-ever the Qautity ſtands. 


c. 2. Of Tracing the Steps uſed in bringing Nuantities 
do an Aquation. 
The Method of Tracing the Steps, uſed in bringing the Quan- 
ies concerned in any Quieſtion to an AÆguation, is belt pertorm'd 
Regiſtering the . Operations, with Figures and Signs 
aced in the Margin of the Work, according as the ſeveral Opera- 
ng require; being very uſeful in Long and Tedious Operations. 
For * If it be required to tr down, and Regiſter the 
m of the Two Quantities a, and g, the Work will ſtand, 
bus 1 Firſt ſet. down the propoſed Quantities, 4 and 
21/0 P over-againſt the Figures 1. 2. in the Small 
— Column, (which are here called Steps) and againſt 3 
T2131 475: (the Third Step) ſer down their Sum, viz. a+b. 
hen againſt that Third Step, ſer down 1+2 in the Margin; 
dich Denotes. that the Quantities againſt the 77 and Sccond 
eps — added together, and that thoſe in the T hird Step are 
eir Sum. N oþ 
To Hluſtrate this in Numbers, ſuppoſe a=9 aid b = 6. 
nen 1t will be ject WES | 


5 


9 1 


5 36 = 8 8 Ro | 
23 4 2 9 ＋ 1 5 being the Sum of 9 and 6. 
8 U wy Again, 
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* in, If it it were requited to Set "Wy the ee. of ) 
a 700 Quantities, Then it will be, ey 


Thus r. = 9 | 
* =6_ * 
1—44ʃz — 3 the Dif: between | 9 Fr 4 
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Or if it were r to ſet down cheir Prod: 
be) it will be, 


I 125 or ab=9X6=54 the Prod. of 9 into 6. 
ei 01 S. | (en) 


„Note Letters ſer or jo ne immediately 2 ( ik 
Word ) ſignify the Rectangle or Product of thoſe Quant itits th 
Repreſent. As in the Laſt ns, len en 
Product BY * and þ==6. e . 


1. If Equal Quantities be 2 to Equal uus F 


Fum of thoſe Duantities will be equal. 
2. If Equal Juantities be Ti alen from Equal Quantities, 
nantities Remaining will be equal. 
3. If Equal Quantities be Multi plicd with Equal Dun 
their Progufts will be equal.” 4 
4. If Equal Quantities be Divided by Equal Roy 
their 88 will be equal. 
_ 5. "Thoſe Quantities, that are Equal to one and tte f n 
Thing, are eſdal to one another. © f 
Note. 1 adviſe the Learner 70 ger Ws foe Axioms 0 
by Heart, 9 


Theſe Things debg plerniſed, "ey a perſect — 
the gas and Nix Sigmfieations bein pared, the Young 4 
braift may proceed to the following 1 But Firſt | 
make bold to Adviſe him here (48 f I have formerly done) ti 
he be very * one Rule before he Undertakes the Nev! 

That is, He fhould be Expert in Addition, before he e 
with Subſtraftion ; And in Subſtraction, before he unn 
„ &c. becauſe they have a mrs.” qe uf 
another. 


" e it — — * A — * a F F 
P 4 
o L '% $ ö . 
* 4 * * 12 - as 4 or my 
22 4 ww; , 


* * „ 
k # 
. : 6 9 -- * * — 4 
A 92 2 . - 4 * 
* 5 
Es . 


-| 


(a5 


4p. 2. Addition of Mnantities. 7 
OEM EEO, 55 


Concerning the 881 r Principal Rules, 
Artthmetick, of Whole Nuantities. 


Sekt. 1. Addition of. Whole Quantities. 


Addition of whole Quantities admits of Tyre Caſes. 
Caſe 1. If.the Quamtities are Like, and have Like Signs; Add 

Je Co-rfficients. or; prefiet Numbers together; and to their Sun 
ion the Quantities with the ſame Sign. 


bee 


Exam. 1. Exam. 2. Exam. 3 Exam. 4. 
B 
2| 4 — 36 —Bbc 
, ＋ 23 42:1! . 28 f S 4 —15hbe » 


_ Exam. 5., Exam.G. } Exam. 3. 
1 34 + 5534 — 5b Cab 

oy 24 + 751242 — 1b] 38 zab+24 
+2 3 FT25 Tb e 


The Reaſon of 5 05 Additions is end from the Work of 
ommon A rithmetick.. For ſuppoſe a, to repreſent one Crown, 
which if Add one Crown; the Sum fi, be 75 200 Crouns, or 
4. As in Exam. 1. 

Or if e ſuppoſe —a, to repreſent thaWant or-Debr of One 
rown, ro which if another Want or Debt af One Crown be Added, 

Sum muſt necds be the Want or Debt of Two Crowns, or —2a; 

fs in Example 2. Aud ſo for all the reſt. 

Caſe 2. If the Quantitles are alike, And have unlike Signs ; 

ſtraft the Co-eficients from each ether and to their Difference 

yu the Quantities with the Sign of the Greater. 


7 


Exam. 8. 8 Exam. 10. Exam. Fr. 
, I +54 449158 | 7c. - | .— gabd 
MM. || = 3-_ —34 3 _—6be_| + aA 
| SEES IN Kt I RE Et 
ea. 12. |, EAI. 
...; [— 8ab—7&ctrs5 

wo. —54+7b Ta leg £ 

2 — 2 2 


_—_— 5 The 
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T he ' Reaſon of the Operations 4n this Caſe may be er 
under ſtood by any one that duly conſiders the comparing of Sh 
545 Debts e or the Ballancing 'of.. Kun pet beruf 
or and Creditor, | 
575 is, The Affirmative Quanritles repreſent the Stock 


Creditor : The Nepative Quantities repreſent, rhe Debrs ; 4 
their 8 7 the Ballauce, &c. 

Caſe 8. When the Quantities are unlike, Set them all din 
be altering their Signs 3 and thence will ariſe con fa 
Quantities, which can be no er Aadea but 15 


Se 1971S, 


Thus 114 a 2 
by: * | £0 » HW 
4 ＋ "Gb 5b 146 +44—20 
Here follow : a few Examples wherein . all the 3 Coſts | 
Promi ſeuouſly concerned. 


2 Sab 3) 


2 44 —ab—bc442—64 
> 213148—249+bb _ab+5—64_ — 


5 N 


+44b-+bb\ A —6bc 7 


TEL ee = 25448 5 
5 I] 54 ar-b--ab : 
5% 
N 
r+2+314 DEE nn] Ef TICS "oF 
k 4 gake— bas... 
J2] 35 — zaa —aabc—2 5 
| 3 
n 4: + . a 
. Suhffracjon of Whole Alanis | 
arti f Whole Luamiti es is proſe by one Gent 
4 


Rule. 

Change all the Signs of 1þe Subftrabend, 1 of. thoſe, * 
rizies which are to be Subſtrated) or ſuppo ſo them in your M 
ro be changed. Then Add all the} Quantities together, as before! ; 
Hadition, and their Sum 2044 be he true Remaiuder or Differenz 
required, | Thi 


+ 
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his General Rule is deduce from theſe evident Truths. 

To Subſtraft an Aﬀirmative Quantity, from an Affirmative ; 

he ſame as to Add a Negative Quantity to an Mirmative. 

hat is + 24 Taken from 4+ 3a, is the ſame with'— 24 
cd to ＋ za. | 3 

Conſequently, To Sbſtract a Negative Quantity from an 
native; will be the ſame as to Add an Afirmative Quantity 
L an Aftrmative. : 2 | F 
bat is — 24 Taken from + 34 will be the ſame with 4 28 

to + za. = 5 . e 


Exam. 2. Exam. 3. Exam. 4. 


Exam. 1. 

i] 24 —24 85 — 15 
2 a — 4 WW... — "0 
gl & | — @ * | — 1b 


Exam. 5 Exam. 6. Exam. To . 
II 54+12b] 54—12b | gab4-36- 
2 2a 7b] 24— 7b | 3ab4-24 
3 


— —— 


364 5b; 3a— 5b | 6ab4-12 


Exam. 8. , Exam. 9. Exam. 10. Exam. 11. | 
1] +24 —24 | be | —2abd 
21 —34 za | —6bc o7abs 
; 5a 1 —54 ＋ Ic | gaba. 


I] 24+2b aab—yg 3 ; | 8 8 - 
woe! —B8ab—1bcÞ+15 A 
4 14 — 5 \ 12ab4-nbc—20 433.35 3 2 


If theſe 13 Examples be compared with thoſe in Additiou; 
e Work will appear very evident, theſe being only the Converſe 
Propf of thoſe; according to the Nature of Addition and 
ubſtraction in common Arithmetick, ' + DAG - 1007; 


More Examples in Subſtraflion. 
U 5bc4-348| S =S z 
1 e l 2 


DEL Þdal e 
br es FE Ar EIA <1 


> a 6 
* 


— 
. 


1 "4-13 ” | * 0: * v7 
a gab OO} 24—4b 
1 —2[3]. 3Þ13=30FÞT ap] —ad4 
e > PA OS, AR FT NR 
i N .. SC 
* aÞ+4bJ-bc—21—d4l 7 Ro ls A nee 


* 


That, a —b Taken * kong Tae + 2þ fe 
Remaind:r ; as in the lt of theſe Erampies, may be | 


proved : x 
Let ir, aþb=s ' 8 
Andi a—b=x of (ho 

2 + 503 S CY Ter Axiom 1 

1— 3 — br -. per Axiom 2. 

4 + b 512b=2—x which x was to o be den 


—_ . 


The Truth of all Operations in Sul traction, where any 4 Do 
ariſes; may be Proved, by Adding the TTY to the} 
mainder; Aoi in Common Arithmerick. 


, 3 247 e 
From | 1 tiled | —_— = | 
Take z] —24a] +3b] -H _ Subſtrahend. ; 
1— 213] +74 b| +64a—gbc _Remainger. 1 
273 Me 2 5 8h. 01 Y Pre | fil 
585 * N —— —ͤ— 8 
Sef. z. Pultiplication of Whole Quantities. 


Multiplication of Whole Quantities admits of T þree Col 


Caſe 1. When the Juantities have like Signs, and no Cu 
cients, ſet or join mend together, and prefix the mg 1 
them; and that will be their Product. 


Exam. 1. | Exam. 2. 5645 * Exam. 4 

410 Jer 28 44. 158 CET al 

Thus 1 215 . 
1x2 eee, 


Caſe 2. If there be Coefficients ; Multi iy then, 2 to g 
TIO uct Adjoin the Quantities ſer together as before. n 
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| | E * | xam. 6. Exam. 7. Exam. 8. F-1 4 

Wu) |* 0 (ioþ 5 . . 30470 a+b 3 

| 2 Sr Nos > Rr 5b | F 
3 


12 


3 17% 1 Jab 5b 


| Caſe 3. Wbenthe Quantities have Unlike Signs; Join them 
a the Preauct of their „ together (as * but 
fix the Sign before them; 


| 2 9. Exam. 10. 
I — . 
1 2 "=p | +376 - 
2b : 2 . 


2 13 — . my — | — i SET, 


: 1 at is, 41 + ray or — ite 

But into — or — e- 00. N 10 the Pro aut. 
That + into I will Produce + in the Product is evident 
m Multiplication in Common. Arithmetick. 3 


2. + 5 into ＋ 7 will give Oc. 1 
But that Th — 720 = fas . ſhould, Piti the 


i 
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Firſt to prove that — 20 into ＋ * =—2 15. As in Ex. 3 


pol . 
hen will 2 4b. ger Ale 1. 


— 


But 3 CAT 
2X 3 ,4|[12@f—=21bf, ber ien 3. 
i, — 21bf [51 2af—2 I1bf=0. per- Axiom 2. 


Conſequently I into —, Or — into ＋ Frome — which 
as the Thing to be proved. 


Scondly to prove b into 1 giv es 12 410 as in in Exam, LI. 


Ther N 594K 75 $5 before [+ 
ut|;[—2af—= — 


3X3: 1s 4 —12af= —:1bf by. what is proved : Ws] | 
41210 þ Dee * per ſu geen | 


ſequently — into — gives + which was to o be trove. TY 


% 


— TX TT. * » ef Kos. T..cook Volo f IOTY 
2 . - 4 . on , . [* l — , d 5 . © *® »4 4 | 
t p , ''4 —— N A. © | 


—qp, 2 TY IC" RF 


Or theſe, may be otherwiſe | proved by Numbers, | 


\4=20 15 F or any other 
Thus, ſuppoſe \ þ= 1 and 14=s — Numbers. |; 
Then — Ms 1. g — Ter Axiom 2. 


Conſcquently, a—bXe—d=6 X 4A per Axiom 
but abe according to the Precedent Rules, willi 
ac — a + bd — da, which if true muſt be Equal to 24. 


86=20X12=240 '*; +1 b=12 X14=168_ 
Proof 115 =I4X7 =I12; | Aa A cl 


Hence, acÞbd=z 5 2 per Aziom 52 Bay 

And EEA . which being Sue Sub race. 

Leaves ac+b4—b—da=352—32 =24 which planly ſhe 
That 4 into — proghces — he P a. | 
And - — into — pre: ugeh-Þ 5 in 5 rod 


? FI > To: YI «4 WJ _—_ 


Note, If the Multiplier conſiſts of ſeveral Terms, then em 
one of - thoſe Terms muſt be Multiplied into all. the Tem 
of the Multiflied : And the Sum of t Cn time Predul 
will be the Product urge, As in Com 4 N 


N 2 25 
1 — 7 eee 


rte * 


11 
2 
1X 443 


5 


> am 2 ibaÞ1 154 
1 44 —ba—bl4+4bj 3 722 24 
4.— 2 — — . 21ba+1 5a; 3 ET 7 
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1] aa - 24-4 | aa ba- | ; 


2] 4—2 a+b | 
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244 —44—8 __+baa—Lba-+bbb 
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ip. 1. Diviſion of Quantities. be... 


Seck. 4. Diviſion of whole Quantities. 


-- - 4p" 2 45 : —_— 40 $4 — 2 * . n - ; - 1 : 2 
iviſion of Species, is the converſe or direct contrary to that 
Multiplication, and conſequently performed by conver (e Ope- 
ons. (As in commom Arithmerick) And admits of Four 


Caſe i. When the Duantities in the Dividend, have Like Signs 
thoſe in the Diviſor, and dv Co-gficrents in either; Ca 0 off or 
unge all the Priantities in the Diuidend, that are like. thoſe 
the Diviſor ; and ſet down the other Quantities with the 
3 + for the Quotient required. | ; 


þ ab [ab 1ad ＋ bal—al 3s 
us] 'Y — b | A —4 = 
> 2 |. a [T4 ladb la+b - 


= —— — —— 


Case 2: When the Quantities in the Dividend have Unlike 
zus to thoſe in the Diniſor ; then ſet down the Qtotient 
uantities found as before, with the Sign — before them. 


* 


nr a aß -b abe bea, 
1 us) h — , + D — — 2 
_ | - [(—-4—4 4 —4— 


— 
— Al. —— — 
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Caſe 3. If the Quantiries in the Oibidend and Diviſor; have 
cients ; Divide the Numbers (as in Common Arithmetick) 
d to their Quotients Adjoin the Quotient Quantities. 


# 4 


01 I} 15 ab 42 4 | 12af — 215 
KG 
Ar e 


— — — 
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Note, When the Quantities and Co-efficients in the Diviſor 
Dividend are all the fame, the Quotient will be an Unit, 


1. 

i] ab | gbc | jb 45% | Sab + 44 
wile ab |— be RE: E [6b = 
© 213 11 1 x —* 


| Caſe 4. When the Duantities in the Divi ſor cannot be exactly 
nd in the Dividend ; then ſer them both down like a Vulgar 
action. As in Common Arithmetick: 
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1 * 2 31 7 5 bo 


N. B. bt Diviſion one 7 one 7 muſt be very carefully obſerel 
viz. that Like Signs gives +. and Unlike Signs gives — in 
Quotient; which needs no other Proof than that already li 
Son in the laſt Section, if duly compared with what hath in 


ſaid concerning Multi elication and Diviſion, in Vulgar Ai 
metick. 


Examples of Diviſion at large. 


| a es eh (+36 
275 ＋ 54 


2 210441 54a 
— al O —35bf —2 5af Ef 

any — . 

4—5]6 

1+2]7[34—5f the Quotient  collefled from the 3 . and ans 5, W 


Or Diviſion of Quantities any and as Numbers in Con 
Arithmetick do; Thus 


34 — 60 ona 96 Kane 466+ 84. 16 
64448 — 12448 


N 2, — 96 


1 — 


That is, 6444 — 96 + 34 — 6 gives 1 443 + 84 T1 
ſor the Quotient, as may eaſily be proved by Multi Plicar 


viz. 2484 + 44a ＋ 84 4-16 & 44 — 6 will Produce 64D 
and ſo for the a T " 


—_— 8 r 


Sect. 5. Invelution of 5 — 


Evolution is the Raifing ot Producing 4 Powers, from # 
propoſed Root, and is performed in all reſpe&s like Multi 
cation, fave only! in this; Multiplication admits of any 4. fer 
Faktors, but Iuvoluti on "Aill Retains the ſame. kun 


3p. 2. Jnvolution of Quantities. 155 
Examples. 7 

1114 |—84 the Root, or ſingle Power. 

2121 4 d-aa Square, 97 ſecond Power. 

| 3| aaa -an Cube, or third Power. 


9 4% %%% C | Biquaarat, or 40% Power. 
G 5 5| 44444 ee. 1 Surſolid, or th Power, &c. 


Vote, 7 be Figures placed in the Margin, after the Sign (& 
W 1:v0/1tion ; ſpew to what height the Root is Involved; and 
called Indices of the Power ; and are uſually placęd over the 
volved Q':antitzes, in order ro contract the Work, Eſpecially 
hen the Powers are any thing high, „ (ET 


2 Da a*==aaaan 
a Ad a A4 

Thus 2 | And 05 B*:==aanaabkbbbb 
a*=aaad a* A =anabbbadd 


If the OQuantities have Co-rfficients, the Co-officients muſt bo 
ved along with the Quantities. As in theſe, 
hus {| 24 _- 34 | 5 bo 
G 2{21 4a + 9a 25bbcc 
313] Bagg 2 12 5bbbcco 
—+81aaaa | 6254+ 
—2434* | 312565c* &c, 


* == + 1 * 7 aa 


Irvolution of Compound Quantities is performed in the ſame 
anner, due regard being had to their Signs and Co-efficients, 
there be any. 

As for inſtance, Suppoſe a--b were given to be Iuvolved to 
ie 5% Power. | | 


hus [1 ah called a Binomial Root. 

|_a+4 
X 4 [2] aa fab 
* .. 


& 2] 4, 


| — 


$4 ee ee 
T aal Taabl- LA 


9307 aaa gan +3abb +bbb the Cube of ab 
| X 2 a 
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' 4 od * 
9 — * 
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17 aaa+3aab4-;abb4-Lbb FS "0A 
r . 
7 Xa} 8 N abLb 
7xb, of ab-+-3aabL4-3abLb4-b* 
18410 To  b+-6aabbd-4abLL+B* 
I = 
10 0111 oP en yr ger ab : 
10 Xbl12 L 44 Ai 6aab*4+-40Þ*Þþb5. 


10 | 13 A 


Again, Let a—b, called a Reſaual Root, be given. 
Then , N Sl . s 0 s- © wy b — $ '* * * - #0 
SS 

I Xa, aa—ab Nees 
1%—b  —ab4-bb 5 
108 2 aa—2a6b4-bb the Square of a—5 
22 1» a—b h DD etna tn 
aaa - 24a A 1. ® 
— aab+2abb—bbb 


ada. -,. zal abbb 
| _'— anab+3a0bb—3abbb+bbbb 
29} aada --4aaab+6aabb—gabbb4-bbbb 
iT] a -U C b ganb*+ ab 
1 a b - - 


Kc. 


By comparing theſe Taro Examples together, you may mil 
the following Obſervations. i 
1. That the Porrers Raiſed from a Reſidual Root (vis. th 
Difference of Taro Quantities) are the ſame with their Jike Tf 
tis Raiſed from a Hnomial Reor (or the Sum of Tπ] “9e uw 
ties) ſave only in their Signs; viz. the Brnomial Porvers hit 
the Sn + to every Term ; but the Reſidual Powers have i 
Sm + and — interchangeably to every other Term. 
* .2. "The Indices of the Porrers of the Leading Qu 


(e) contunnally Decreaſe in Arithmetical Progreſſion ; vis 1 


1 


1 * * 
1 
6— 


een of Dnantities. z, 


e Square it is aa, a, In the Cube aan, an, a. 
the Biquadrat it is aaa, aan, aa, a, ccc. 
The Indices of the other Quantity b do contiuually incren 
| FX . 4 93 
= 1-ibmetical Progreſſon; viz, In the Square it is b. bb; In 
Je cube b, bb, bbb. In the Biquadrat it is h, bb, bbb, bbbb, &c. 
4. The Firſt and Laſt Terms, are always pure Porters of the 
gle Quantities, and are both of the ſame Height. | 
J. The Sum of the Indices of any Teo Letters joined together 
me intermediate Terms, are always Equal to the Index of the 
Woheſt Power, viz. of the Firſt or Laſt Term. | 24 
Theſe Obſervations bong duly conſidered, it will be caſy to 
mceive how the Terms of any propoſed Power raiſed from a 
W 1101219] or Reſidual Root mult Rand, without their Uncis or 
mera Figures. ES ; — 
W For Inſtance, ſuppoſe it were required to Raiſè the Binomial 
or ab to the Seventh Power. ; then the Terms of that Poxv- 
W- will ſtand without their Cacia's in this Order. | 


Viz. 0 a. bd” VL. Db Da B Cafe. , 


And becauſe the Uncie (not only of any ſingle Letter, but allo) 
t every ſingle Power, how high ſoever it be, is an Unit or 1 
which neither Multi plies nor Divides) and all the Porrers of 
y Binomial, or Reſidual Root are naturally raiſed by Viſulti- 
| Jing of the Precedent Power into its Original Root, which is 
one by only joining each Letter in the Root to the Precedent 
Pozver, with its Vuciæ, and then removing the ſaid Power, when 
is ſo join to the Second Letter, one place forwards (either to 
e Lefr, or Right Hand) it mult needs follow, 1688 
That the Uncie of the Second Terms (in any ſuch Porver) will 
ways be the Sym of ſo many Units Added together more one, as 
ere have been Multiplicaticns of the Firſt Root; which will 
ways be determined by the Index of the Firſt Term in the 
Weer. | | | 
And becauſe the Urcia's of all the intermediate Terms, are 
nly removed along with their Letters, it alſo follows; that if 


Mey arc uded together, their reſpective Sums will produce the 
e Cycia's of the intermediate Terms in the new * Pocver. 
A doth plainly appear from the following Nuzzbers fo removed 
ans 


ithout their Zerrers ; which both ſhews and Demonſtrates an 
aſy way of producing the Uncia's of any Ordinary Power (viz, 
| one not very high) Raiſed from either a Binomial, or Reſidual 


Noot. 
5 Thus 


* * * * „ „„ 1 


Part i} 


— 


158 Algebra. 


Thus wr NN 
Add 3 1 1. The twoUncid'sof the firſt Root. 


1 


a4 r 4 2 4 4 The Uncia'sof the S7uare. 


1 6501 


Add q e . Uncid's of the Cube. 


Add 3 I «. 4 +» &&o & » K 7 The Uncis's of the 4th Pov 
r 
1 


F 1 Uncia's of the 51h Pony 
| 1. 6 .15 20 . 15. 6. 1 Uncid'sof the 6th Pow 
Add 11 nein denn 


17 1 35 35 ˙21 « 7 1 Ucie of the 7 Tl 
And ſo on in this manner ad iuſnitum. 


Now if theſe Numbers are prenæ'd to the aforeſaid Lettern 
the Zerms will be cempleated with their reſpective Uncia's, w 
will ſtand thus 11 | jg | — 

a +a 21A +350a%* þ+350%* $2106 +yab* + 

But that the bufineſs of finding theſe Uncia's, may be rendrl 
yet more eaſy for Practice, it will be convenient to conſid 
what Series or Progreſion, the Uncia's of each Term do makt 
from he aforeſaid Additions. 55 


2328s 23138 3242135128 
E SEE esse 
25. 38 5 8 SR 8 81858 SF {0h 

| oO x wn 22 2 2E 2 2 8 
BO] E5S[ SE ZE A221 zZ2 z 22 

32 5 8 62 | 9 > U w vo > U > | 2e » 
N — — S 3 - =, — 5 S 7 S 2. 22 8 1 
SELLE | * 
bang I | | Uacia's of the ſingle Quan 

"Kg 2 I ; 1 OP Uncia's of the Square, 

Una Ertel the Ca. 
| "EA 1 EF 61 4 1 3 | | 22 Uncia's of the 4 h Power. 
P 0 5 1 Uncia*s of the Ich Powel 
N o | 15 6 5 Uncia's of the 6th Powe: 
= 7 larl 5 3s lan) o | x Qnciz'sof thegth Power 


The Uncia's of the Firſt Term is only a Series of Units, whos 
Sum is every where the Uncia's of the Second Term. | 
The Unciz's of the Second Term, is a Series of Numberi 
Arithmetick Progreſſion ; whoſe Sum is every where the Lad 
of the Next Superior Pozver in the Third Term, and mary 
tound by Propoſition 1. Chap. 6. Part 1. T 


hap. 2. Involution of Miantities. 159 


That is, in the 77H Power it will be the GET XG 
ttt of the Third Term. : 2 * 
W The reſt of the Uncia's are a Compaunded Series, whoſe re- 
five ums may be obtained from the Uncia's of their prece- 
% Terms. 


Thus 2 =; 5. Then 35 zj. Again 15 —— 21 


From hence may be deduced this Gene ral Rule. 


| Rule- 

be Index of the Firſt Letter of any Term, be Multiplied 
0 775 009 Unciæ, and that Produtt be Divided by the Number 

Lens to that place; the Quotient will be the Unciæ of the 

fſuccecding Term forward. | 

hat is, by the help of thoſe Hadices that belong to the ſeveral 

90ers of the Firſt or Leading Letter only (as a) the true Uncia's 
every Zerm may be eaſily underſtood. IO, 


Examples. 


Let it be required to compleat all the Terms of the aforeſaid 
veral Powers, viz. a7Þa*bdÞ-0*Þ*+a*E* t , l al A 
Ith their proper Uncia's. 

I. The Index of 4* the Firſt Term will be the Uucia of the 
cond Term. Thus 44-14%. 


2. Then half the Second Terms Tndew into its Uncia, 


. 7x6 
* nr will be the Third Terms Uncia. 


Thus a"-144%b4-2145* will be the Three Firſt Terms. 


z; is the Uncia of the Fourth Term. 


3. Again 
Then it will be Sdn nr ＋-3 j 

4. And = will be the Uncia of the Fifth Term. 
Then a U), 5 +3 54% dc. until all the 


ns are compleared with their reſpective Uncia's ; and then 
y will ſtand RY 


eber Hus ye ber. 


Now 


Cece K — — — — 


—— 


Mgebaa. Ba 


Now here it may be further Obſerv'd, that the Uncia's doo 
increaſe until the Indices of the Zavo Letters become Equal, i 
change places; and then the reſt of the Uncia's will return q 
Decreaſe in the ſame order. That is, wherever the Indicm 
the Lelters are Alike, there the Unci?'s will be Aike. 

And therefore one needs to find the Uncia's (as before) butt 
half the Niimber of Terms in any Power. | 

If what hath been ſaid, and the Work of the Example 
well underſtood, Ie it will be found very eaſy to Ru 
any Porte from a Hinemial or Reſiduat Root, to what beigh 
you pleaſe; without the trouble of a continued Involution; u 
without the help of ſuch a Table of Porvers as is propoſed þ 
Mr. Oughired in his Key to the Mathematics, Page 40. wi 
ſince by others. 5 rf 

Now from theſe Conſiderations it was, that I propoſed ii 
Method of Raifing Powers in my Compendium of Algebra, Pa 
57, as wholiy New (viz. ſo much of it as was there uſeful) han 
then (I profes) neither ſeen the way of doing it, nor ſo muchi 
heard of its being done. But fince the writing of that Tyach 
find in Dr. allisss Hiſtcry of Algebra, Page 319 and 331, tl 
the Learned Mr. Juac Newton had diſcovered it long beta 


160 


which the Decor ſets down in this aanmer. 
Let n be the Exponent of the Power. 


. 0 mn 1 M—2 M—3 M—4 
Then 1Xx— * * — 
FTT | 
Will be the Series of the U;cia's required; but he doth nottt 
us how they firſt came to be found out, nor have I ever met wil 
the leaſt hint of it in any Author. 


2 


— 


Sect. 6. Evolution of whole Quantities. 


Evolution is the Extrafting of Roots from any given Pow! 
Thar is, it is the Converſe Work to that of Iavolution, and 
ſingle Quantities it's eaſy, if the given Power have ſuch a N 
as is required, which may, be thus known. | | 

If the given Power have no Numbers prefix'd to it, and! 
Index can be Divided by the Index of the Root required, ® 
Quotient will be the Inde of the Root ſought: 

Thus, If the Cube Root of aaaaaa, viz. a* were required 
Tndex of the Cube is 3) then 3) 6 (2. That is, 3) 45 (4 U 
Root required. And ſuch Operations are ufually ſet 1 
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1 . 


aus] I | nf abs | abide. 
. 2 wer oe 11 

| F . . a-  aabbad. 
Ja 2 5 abd 


ote, T he Figures placed in the Margin after the Sign ſdu) of 
olution, denore the Indev of the Root to be Extratted. 

f the given Powers have Co-eficrents : (viz. Numbers pre- 
to them ; then you muſt Extratt their reſpective Roots 
n Vulgar Arithmetick. | 


Thus 1 8145 1296 207% 6 
„eee 
"TH WE 2 6aabb | * 124 H 
2002 4 3 Faabb 12abc 


Aa. _ * 
2 * 
* 


But if the Root required cannot be truly Extracted out of both 
> Co-efficients and Indices of the given Power ; then it is a 
74, and muſt have the Sign of the Root required prefix d to it. 


bus [x] 4* |] 6q4agaan | 216bbbddd 
up 2 | 2 va Ve | y 216bbbadd 
w3l31 %a 4 4 6 Jaaa = 6b4 


AM 
— —-k ä — — 


* * _—_—_ — _ 
— 
P — 
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Evolution of Compound Quantities or Powers, is a little more 
ubleſome than that of Si77gJ/e Powers ; and would require a 
at many Words to . z the manner, and Reaſon of form- 
p the ſeveral Canons, that are commonly uſed in Evtratting 
e Roots of Compound Quantities; eſpecially if the Powers bs 
ry High, &c. I, ſhall therefore for . ſake omit them, 
d inſtead thereof. propoſe an eaſy Method of diſcovering the 
boots of all Compoumd Powers in general; And in order to that, 
will be nece to premiſe ; that if either the um or Diffe- 
ce of ſeveral Quantities be Involved to any Power, there 
ill ariſe ſo many /jg/e Porvers of the ſame height, as there are 
ferent Ruan thts. a * 
As for inſfance, if AA be Szuared; that is, be Involved 
the Second Power, it will be aa+2a6424a44-bb+2bd-+48, 
ere you have aa, bb, and Ad. | 
Again, if 66+ were cubed, viz. Involved to the Third 
er, then you will have aaa, bbb, and add, in it, &c. | 
* Whence 
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er, and if they are alike in all their reſpective Terms, then) 


in the given Porrer there is —2c4d, and —2bd, t erefore 1 


 —:zb44-cc—24-+-44 which I find to be the ſame in all its 19 


given Power there is —24abb, therefore 1 conclude it muſt el 


and $1, whoſe Roots are daa and 9. And becauſe the Sign! 


Roor of ' 12.5484 οο,jGe — 45 oa 
+5y0a—2886h4-43to=—416, 


Aigchza. —— 


1 LY 


Whence it follows that in Extratting the Roots of all ( 
found Quantities, there mult be confider'd, 

1. How many Different Letters (or Quantities) there at 
the given Power. 

2. Whether the Single Powers of each of thoſe Letters b 
an Tqual height, and have in them ſuch a 10 le Root as u 
quired : Which if they have, Extrat it as before. 

3. Connect thoſe ſingle Roots together with the Sign , 
Involve them to the ſame height with the given Power; 
being done, compare the new Rai ſed Power with the given? 


have the Root required; or if they Differ only in their & 
the Roos may be Eaſily correfted with the Sign — as oc 
requires. FR ow 1 
Example 1. Let it be required to Extract the Square Nu 
e-2cb—2cad-bb—2bad-dd. © ve 2 20 
In this Com poumũ Square there are T hree diſtin Poa 
viz. bb, cc, dd, whoſe ſingle Roots are b, c, d, wherefore I i 
poſe the Root ſought to be He-, or rather þ4-c—4, bes 


clude it is —4, then }+-c—d being Siu red, produces bu 


with the given Porter, although they ſtand in a Different? 
tion; conſequently c= is the true Root required. 

Example 2. "Tis required to Extrati the Square Rai 
a*—24abb4-b*, Here are but TWO ſingle Powers, viz. 4 
, whole Square Roots are aa, and bb. And becauſe in 


aa—bb, or -a. Both which being I@volved, will ru 
4*— 2aabbd-lf conſequently the Root bt may either be 
—bb, or bb—ag according to the Nature or defign of the Yil 
on, from whence the given {Power was produced. Wo 
Ex e 3. Let it be required to Extract the Square RW 
3644481084481. Here the To ſingle Powers are 366 


all + therefore I ſuppoſe the Roo? to be 6ag4y, the which! 
ing lnuolved doth produce 364% ro8ac-Sr, conſequent!) 
+9 is the true Raot bays. OLA ah dl 
Example 4. Suppoſe it were required to Extract the l 
Þ+ 2 zogee — Jade Pe 


w 


T 
5 


ap. 2. Evolution of Muantities. 163: 
this Example there i is T hree diſtinct Powers, vis. 1a aaa, 


e, and — 216. 

he Cube Noot of 12 Jaaa is 54. Of 64ece is 4e, and the Cube 

of —216 15 —6. 

herefore I ſuppoſe the Root ſought to be 5a+44—6, which 

g Involved to the Third Power, * produce the ſame with 

5 ven Porver, conſequently za -4e—s is the Cube Noot 

jred. 

ut if the new Power, raiſe ] ſrom the [+ ſuppoſed Root (being 

ved to its due height) ſhould: not prove the ſame with the 

„ Power, viz. if it hath either More, or Fewer Terms in it 
Then you may conciude the N 18 Power to be a Sura, nd 
have its proper Sign prefix d to it, and cannot be otherwiſe 

reſs'd, until it come to be Evolved in Numbers. 

3 5. Suppoſe it were required to extract the Cube 


t of 2 74a Zend þ 

lere are "a diſtin ny perf Cubes, viz. 27444, and 8 bbb, 

le Cube Roots 42 38 and 25. 

Therefore one may ſup oſe the Root ſought to be 3a -2 

ch being Huolved to (9A Third Paper, is 2144-5 abaa 

2 Now this mew raiſed Power hath one Term 
. 36bba) more in it than the given Power hath ; but this 

g a perfeFt Cube, one may therefore conclude the given Porver 

vt ſo, vis. it is a Surd, and hath not ſuch a Root as was Re- 

red, but muſt be Expreſſed, or ſet down, 


Thus * 2740+ 54baa-8bbb. 


| theſe Pramples be well underſtood, the Learner will | find 
ery eaſy by this Method of proceeding to diſcover the true 
of any given Power whatſoever. | 
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ERAS I 
Of Algebꝛaick Fractions, or Bzoken Quantities. 
Sect. 1. Notation of Fraftional Duantities. 
actional Quantities are Expreſs'd or ſet down like Vulgar 
ons in common Arithmetick. 


Thus 2 „e $b—aa Numerators. 
9 4475 76 Denominators. 


Y 2 9 55 How 


i am ſj 


How they come. to be ſo, ſee Caſe 4. in the laſt Chapter 
Diviſion. Theſe Hactional Quantities are managed in 
reſpetts like Vulgar Fractions in Common Ari thmetick. 


Cect. 2. To Alter, or Change different Fracions into ore 
I nation, retaining the fame Value, 


Rule. | 
Multiply all the Denominators into each other for 41 
Denominator ; and each Numerator into all the Denominm 
but its 00, for New Numerators. | 


Examples. 
Let it be required to bring - and Lino one Denominatin 
Firſt a x c, and d x6, will be the Numerarors, and þ 


ca 
will be the Common Denominator, viz. and ba are | 


of bc 


Two Fractions required. That is 3 and bd . q 


bc * 1 
Again, let 2 — and 25 be brought in one Denominaii 


a -b b—a 
and a- ac -h bc Cc. 


And as Sb .de 
will de 0a+bb—da—ta eee 


Sect. z. To Baing whole Quartittes into Fracions of a git 


Denomi nation. 


Rule. | 

| Multi 755 the whole Quantities into the given Denomini 

for a Numerator ; under which Subſcribe the. given Denn | 

Tor, and you will Have the Fraction requi red. 
Examples. 


Let it be required to bring a ,- into a Fraction, whoſe DV 
minator is d—a, Firſt a+bx4—g is da4+b4—aa—ta. 


33+ 5.8 


4 
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3 
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— — — — 
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| Then ed is the Fraction required. 
4 
Again vil be 2 An 4 _ a will be . 


A eber 2 vill be g 
Fry n 


10%. 
ns 


_—_ +. r * _— 
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When whole Quantities are to be {et down Fraftion-awi ſe, 
wbſeribe an Unit tor the Denommator. ' — 


Thus 6b, ia And dab; LY 


&c. AE EINE Y | 


RN 


* — 
— 


ect. 4. To Abbzeviate, or Reduce Fractional Quantities 
into their Loweſt Denomination. 


. 

Divide both the Numerator and Denominator hy their greateſt 

mmon Di vi ſor, viz. by ſuch Quantities as are found in both; 
their Quotients will be the action in its Loweſt Term. 


gac . 48 , bb -- bac. 

— 18 — — 18 — . — — 
bus —— 1 7 And—— 1 Alſo a+ 7” aA. 
In ſuch ſingle Fractions as theſe ; the common Di vi ſors (if there 
e any) are eaſily diſcover'd by Inſpection only; but in Componnd 
ractions it often proves very troubleſome, and muſt be done 
ither by Dividing the Numerator by the Denominator, until 
jothing Remains, when that can be done: Or elſe finding rheir 
ommon Meaſure ; by Dividing the Denominator by the Nume- 
ator, and the Numerator by the Remainder, and ſo on as in 
ulgar Fractions (Sect. 4. Page 51.) 28 

| Examples. 


Suppoſe e, were to be reduced Lower, 
Then c4—44) aac—aad ( - the Fraction required. 
ee, >. 


8 
In this Example it ſo happens that the Numerator is Divided 
juſt OF by the Denominator; but in the Next it's otherwiſe, and 
equires a Double Diviſion to find out the common Meaſure. Vis. 


Let it be required to Reduce Eg to its Loweſt Terms. 
Firſt 22þ24b4+bb)  aa—abb (a 
aa. zal. 


—— ͤ—en3äkwͥã 


—2aab—2abb the Remainder. 


— 


Then dab zabb) aad-2ab4-bb I [ 
2 ＋ ( 2 24 
al? 
abb 
IE 51 


Hence 
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1 
1 : 
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«4 : 
| 1 
4 
bo, 
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4 6 : 
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ö 
pi 


Then — 2 172 — is the New Numerator. 


15 Numerator, &c. 


Dive vide both the Numerator and the Denominator. 


= 4 —— — * — 


Par 1 


Hente it appears 


that — ahh is the common Meaſure, 
by which aaa abb being Divided. 
Viz. Ha aa aaa abb 
8 aaa. TLaal. ( +3 — 
. Da - 
—8ab—abb 
5 — 


Ad . IS - 3, — is the New Denominaror. 


* 2 
2 ＋ 2 4b 


di» {tf 3 24 b 1 

And - 3 "I = — == the Denon; 
4 12 on 8 Multiplied with aba and you will hin 
—44 the umerator. 


£b the Denominator. 0 Changi ng the Sn : 
all the Cuanties and it will be —— the New Fraftion Re 


— {], = 


. — TI 
1 . That 6 - — N 
* 5 a. aa+20b-bÞ Mt: 


ad—bb 
„let 1 be 
* it be required to Reduce r 


The Common Meaſure of this Fraftion will be the eaſe} 
found (as appears from Tyi ws by dividing the Deny 


"Tho 44—bb) d44—bb (4 Arms 
Add -b 


ie: F a 42 04 
e 
ES) 455 6 
45 
8 


2 — 


2 it appears that b4—bb is the common Meaſure that wil 


eee Danes Te 


onſequently bd ub) 22 G 7 22 . is the New Numerator. 


ab —bb 
— Tl —bb 


O of 


Ind b4—bb) 241th (- 444 the New Denqninator, 


ad W 
— 


D 
bba—bbb 
© O 


Let both be Multiflied with &, and then you will 
4 ; a the Numerator, ? of the Fraction 


bab the Denominator, required. 
But if after all Means uſed (as abave) there cannot be found 
ne Common Meaſure to both the Numerator and Denominater, 
en is that Fraction in its Leaſt Terms already. 
Note, T heſe Operations a1 be ungerſtood by a Learner after 
hath paſs'd thro Multi * * — of Fraftie 075. 


1 1 * 


f 


— 
2 


Sect. 5. agen 400 Subſfragion of bene 
Nuantittes; - 


The given Fraftions being of One Denomination, or if they 
e uot, make them ſo, per Je. 4. "Then, «rai 


Rule. * 


Add, or Subſtraf their Numeraters, as Occaſion requires, 4 
their Sum or Difference, Sub "ey the common Denominator. 
in Vulgar Frattions. 


Examples in Addition. 


j 
f 


[r1bb 72 25 1a—b+4 
. my | 26—z | a+b—4 
r zh Wh... 1 
I T2|3 e N A 
| DDC 


„6 * ©  OC_ 


Algebza. 


Examples in @nbſtragion. 
1 [bb-þ-aa| a+] 3a4bxch 26 
c ad 4 4 
| bb 2b —4 2a+c a4-b— 
Km — „ „ er 


| 
0 dA 8 4 44a 
— . | — 


C . 


—— 


. . 


Sect. 6. Multiplication of Fractiona! Quantities. 


Firſt prepare Mix'd Quantities (if there be any) by mili 
them Improper Fractions, and V bole 8 by ſuubbſcrili 
an Unit under them. As per Sect. 3. —_ 


| Rule. 4 8 8 0 
Multiply the Numerators together for a new Numerator: if 


the Denominators together for a new Denominator. As in l. 
gar Fractious. L | 


Thus | 1 I 24—2b 
* . 24 - 
81 444-2b 
1X 243 24  1244—2ab—aqbb. 
. | oN, cf 1 24d4-4c 38 


. 


Suppoſe it were required to Multiply 4 6U—— 25 
_ TA. Theſe prepared for the Work (per Sect. 3.) i 
14 24c4Þb—2 50 h 


Thus I 


I FOES «a , 
Dae — 5hc4Bace4-4he—1000e 
—— INS 


| 604a—71b+8ac—1oo0c- 36b per Seft. &, | 
3 "Tt: paſar 


i * — — 


Pls 
9 p _—_— 

2 * {4B 
— —— 
N. 


A _ 
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* 


D. Any Fraftion is Multi plied with its Denominator by 
Wi; Of; or Taking the Denominator away. 


AL, X a gives b. ref . 8 5 * 


gect. 5. Diviſion of Fractional Quantities. 

WThe Frafional Quantities being prepared, as Directed in the 
Section. Then, ; 

| Rule. 


mini ply the Numerator of the Dividend, into the Denomi-« 
Wor of the Diviſor, for a New Numerator ; and Multiply the 
ber tuo together for a New Denominator ; as in Vulgar Fract: 


Examples. 


et = be Divided by £ the Work may ſtand 


p ab J abd faba 4 8 | 
| as c cf ab <8 f for _ po $1 3 
= x | . a+  ana—bbb 
| RE 4 2 _ N 
FE | ons" 7 WOES 
| FADE 1 
IK 4 aa Pa aaac—bbbc 


D 


Suppoſe it were required to Divide aa + 
By ah Then the Work prepared will ſtand _ 
Thus =) a AA,] ( 
wy TI TE. | aa 5ba+46b 
a> ter RT; 6 
When Fractions are of One Denomination, caſt Off the De- 
omnators, and Divide the Numerators. 
Thus, i447 | 3 TY 
Mt were to be Divided by 7 it will be 


bb) al (ab oe, Quori ent required, 


For 


- (ny —_—_ -—_— fo 


—— = 
= ab (per Sec. 4. 
a*—abb 
G—=8 
56 Caſting Of c=d into both, it will be 


FM a—ba 
aa za) aaa—abb 2 IT &c. 


Again, Suppoſe it were required to Divide 


4 "CERT RIF ET a n 


mY — At. 


Se. 8. Involution of Fractional Quantities. 


| Rule. 
Tnvotve the Numerator into it ſelf, for a New Nunmerii 
and the Deuominator into it ſelf, for a New Denomnator ; ui 
as often as the Power requires. | 


"I 2 _30c_ E 
4 
bb 


a- 
N DLZ | 
10 | = 4a | aa—zach-co _ 
bbb | 21bbbece | bbb4-3bba4-3b4dodil 
10-3131 aaa ' Sannddd a4. -a. acc ä 


. —— 
2 


Sect. 9. Evolution of Fractional Quantities 


If the Niumerator and Denominator of the given Fraction h 
each of them ſuch a Root as is required; (which very Ml 
happens) Then Evolve them; and their reſpective Roots Wil 
the Numerator and Denominator of the new Fraction requim 


Thus 1] N | aatzabpbb 
44⁴ _ a&—2ab+bb 
| 3ab bb 
I 8 
27] aaa zaal - zabb- Abb 

Bddd | aaa—3aab-zabb—bbb 


3a“ Kl 


1 — — — 
uy; 1 24 , Ne N a—b — 


Sometimes it ſo falls out, that the Numerator mT 1 
ſuch a Root as is required, when the Derominator bath 7; 


— A 


Again] 1 


— 
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the Denominator may have ſuch a Root, when the Numera- 
hath not. In thoſe Caſes the Operations may be Tet down 


| aabb | aa. -A —44 


1 


E ad. E24 TLUU 
ab  vaaaabb-dd 


— — 


- 


— 


— 


12| Jad | a+ 


ts a actin. 4 


put when neither the Numerator, nor the Denominator have 
ſuch a Roor as is required; Prefix the Radical Sign of the 
„% to the Fraction; and then it becomes a Surg, as in the laſt 
p, which brings me to the Buſineſs of managing Surds. 


a "_— 


CHAP. Iv. - 
Of Surd Nuantittes. 


HE whole Doctrine of Surds (as they call it) were it fully 
handled, would require a very large Explanation (to render 
but 7o/erably Intelligible) even enough to fill a Zreariſe it 
; if all the Various Explanations that may be of uſe to make 
„%% ſhould be iſerted; without which it's very intricate and 
Wo: b/e/ore for a Learner to underſtand. But now theſe tedious 
auctions of Surds, which were heretofore thought 2 ſeſul to ſit 
quations for ſuch a Solution, as was then amderſtocd, are wholly 
d afide as 14ſ#/eſs: Since the Mu Methods of Reſolving all ſorts 
Aquations renders their Salut ion equally eaſy, although their 
owers are never ſo high. 2 M eto te, 
Nay, even fince the true Uſe of Decimal Arithmetick hath been 
ll under ſtood, the Buſineſs of Surd Numbers has been managed 
at way; as appears by ſeveral Iuſtances of that kind in Doctor 
allts's Hiſtory of Algebra, from Page 23 to 29. 

I ſhall therefore, for Hrevity ſake,, paſs over thoſe tedious 
Auctions, and only ſhew the Toung Algebraiſt how to deal 
Sram Surd Quantities as may ariſe in the Solution of hard 
ue ſti ons. | 


dect. 1. Addition and Subſtranion of Surd Quantities. 
Caſe 1. When the Surd Qnantities are Homogeneal (vis. 


'e alike) Add, or Subſtract the Rational Part, if they are 
r | joined 


1 


L 
0 


"Par 


;oined to any, "ol to their 7" AY or Difference, Aljoin t 
Irrational or Surd, 


Examples in Addition. 
45 5y bo 6by ac by aaFco 
a 5 Ml 


TW FAS 4 ac 35% 5 
12y/be L 10h. ac aby aa 


= ad an | „Ve -e 6 T 
ca- cc ECV f 


1 — CY 


AI 23 54 aA 
E 31 a | bb | abCyact 


Examples in Qubittadion- 


i] 12y/be | 10by/ac 45 0a Nec 
| Th \ abyac by aa-þ-cc 


- f 
Z-aI ZI. wb | 6b/acs | by aac 


. % | bbs I 
| AN bart — aa cc 3 aan 
1—2 31 Fa 4x aa 1 . — 


56— — — j 
— 


Caſe 2. When the Surd Quanti ties are Heterogenedl (| 
their Indices are unlike) they ars only to be Aaded, or ſe Si 
by their Sigus, viz. + Or — And from thence will un 
cither Binomiat, or Reſidual. 


Examples | in Addition. 


I | * ro any 8 7 ac—bs 4 

21 Vba 1 8 Vacha 
3+213] e — —.— . — 
8 N 

| Examples is in Subſtradion. 

10 * be | -A d Ces aa | 


— — — 


| Wl vba | d—ray/badd _ 
W —.—.— | . = 


Wap. 44 Of Surd Nuantities. =__ 
Sect. 2. Multiplication of Surd Duanti res. 
aſe 1. When the Quantities are Pure Surds of the ſame 


4; utiply them together, and to their Product prefix their 
| adicat Sign. 


Examples. 
Ii 4b {| +ba+aa y aa-bb 
| * | Vea | aa — bb 
ez 31 ba Y beaa--acaa 2E 


Caſe 2. If Surd Quantities of the ſame kind (as before) ars 
ined to Rational Quantities, then Multiply the Rational into 
e Rational; and the Surd into the Sura, and join their Pro- 
Fs together. 


Examples. | 
I ay bc | 5cdy/ ada | I5y/ ab 
12 V 1 34 ca — 2 
34 bea | 15cday cad Fd. 15 abd 


K 213 


nm 2 ˙ 1 — 


Se. 6. Diviſion of Sur Quantities. 


Caſe x. When the Onantities are Pure Surds of the ſame kind, 
d can be Divided Off ( viz. without leaving a Remainder ) 
Divide them, and to their Quotient prefix their Radical Sign. 


Examples. 
[1] 4/ba v/ bcaa+deas | 4 acaa—bbbb 
12 * 1 * Ca BY 1 * aa —bb 
S213] ya y baFla Va 


N Caſe 2. If Surd Quantities, of the ſame kind, are joined to 

110208 Quantities ; then Divide the Rational by the Ratio- 
al, if it can be, and to their Quotient, join the Quotient of 
be Surd, Divided by the Surd, with its Firſt Radical Sign. 


| Examples. Re 
It 3% bea 1 Scda / beaaJ-doas 3 75A 
:] 3bya r . SY. 
T 2 31 4yb cd ba Hei | 15y/4b _. 
_ — — ͤ— — — 


Note, 
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Note, If any Square be Divided by its Root, the Quorienri 
Examples. 


Ii „ | ALL | aa -—ablaa- NG 
J. V VITA e, 


it =213] yal ybb-zbcbc | vat a 


C— 


Sect. 4. Involution of Sura Quantities. 


Caſe 1. When the Surds are not joined to Rational Quantitia 
they are Involved to the ſame height as their Hadex denote, | 
only taking away their Radical Sign. 


Examples. | 
4 ya | y bca y aa—bb a- 
102: a | bea aa—bb 5a—as 


Caſe. 2. When the Surds are joined to Rational Dnantitinf 
Ivolve the Rational Quantities to the fame Height as the Ini 
of the Surd denotes ; then Multiply thoſe Involved Pantiii 
into the Surd Quantities, after their Radical Sign is taken an 
As before. | 


Examples. 


3 11 57a 5dVca 3by aa—dd 
10-2 [2 bba 2 54dca obbaa—gbbaa 


Ii] VIS 223 da Vb 
1 &- on aaabc | 2 744dan4-214d4b6 [ Addaaab 


— 


Ly 


The Reaſon of only taking away the Radical Sign, as in (at 
is eafily conceived, if you confider that any Root, being Lavoldt 
into it ſelf, produces a Square, &c. 

And from thence the Reaſon of thoſe Operations performed} 
the Second Caſe may be thus Stated. . 


Suppoſe baer. Then y/a= g per Axiom 4. and h 


Sides of the Ain being Equally Involved, it will be 4= - 
Then Aſulti plying both Sides of the Equation into , it K 


comes bba—xx per Axiom 3. 


Which was to be proved. 


* 


— 
* 
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X . 


54 
And ca = = Conſequently 2 54dca==xu 
2544 © 


Again, Let 347 ca=x. Then y ca= 


W 11G from hence it will be eaſy to deduce the Reaſon of Mal- 
hing Surd Quantities, — to both the Caſes. For 


Wuppoſe J: V=] Example 1. Caſe 1. 
I & 23 LN 
2 G 214 | A= i 
3X 45 | Ba zx. per Axiom 3. 
5 ww 2161 y/ba—2x. which was to be proved. 


7 — 
— 2 — 


* AJ dy be=2 | p 

i L 2 ue $ Eon I, Caſe a. 
i+4|3 Rwy 

= 354 [ — MY 

; "4 3b 

4315 VYlca = from what is proved above. 


* 324 6 3 ca. &, &c. for the reſt. 


- _ — 


3 being the Converſe to Multiplication, needs no other 
roof. 


CHAP. V. 


Concerning the Nature of Rquations, and how ro frepare 
them for a Solution. | 


HEN any Problem or Queſtion is propoſed to be Aualyti- 
"" cally Reſolved ; it is very requiſite that the true ODeſgu or 
eaning thereof, be fully and clearly Comprehended (in all its 
arts) that ſoit maybe truly Ay ſtructed from ſuch AmbiguousWords, 
$ Rueſtions of this kind are often Diſeniſed with; otherwiſe 
t will be very Diffecult, if not Impoſſible, to ſtare the Queſtion 
lpht in its ſ#bſtirured Letters, and ever to bring it to an ZEqua- 
on, by ſuch various Methods of Ordering thoſe Letters as the 
ture of the Queſtious may require. 1 | 
ow 


\ 


8 


„ 


Now the K7:0ww/edge of this aifficult Part of the Work is onh 
be obrained by Practice, and a careful minding the Soluria 
ſuch Leading ty po as are in 7hc;nſebves very eaſy. 
And for thar Reaſon I have inſerted a Collection of ſor 
neſtions; wherein there is great Variety. 
- Having got ſo clear an Underitanding of the e prope 
as to place down all the Quautities concerned in their due Or 
wiz. all the /z:b/titured Letters, in ſuch Order as their Nn 
requires ; the net Thing maſt be to Conſider whether it be lin 
or not. That is, whether it amits of more Anſwers than ( 
And to diſcover that, obſerve the Two following Rules. 


_ © | 


I hen the Nnmber of the Quantities ſought, Exceed the N 
ber of the given Aqgquations, the Queſtion is capable of In 
rable Anſwers. inf © - 


Example. 


Suppoſe a Y!e/tion were propoſed thus; There are T hreely 
— that if the Firſt be Added to the Second, their 
will be 22. And if the Second be Added to the Third, their 
will be 46. What are thoſe Numbers. | 
Let the Three Numbers be repreſented by T bree Letters, tl 
call the Firſt a, the Second e, and the Third y. | 


Then 4 8 according to the Queſtion. | 
lere the Number of Quantities ſought are Three; viz. 4 
and the Number of the given Æguations are but Two. There 
this ©refton is not limited, but Admits of various Anſwil 
becauſe for any One of thoſe T hree Letters, you may tale: 
Number at Pleaſure, that is Leſs than 22. Which with a il 
Conſideration will be very Eaſy to Conceive. ” "W 


Rule 2. 


When the Number of the given Æauations (not depeiW 
$4 one another) are juſt as many as the Number 0 


— 


antities ſought ; then ts the Queſtion truly limited, vir. i 
antity fought hath hut one Single value. 5 


Ass for Inſtance; Let the aforeſaid Oueſtion be Popo of th 
There are 7 bree Numbers ( a, * Za , fr 50 
if the Firſt be- Added to the Second, their Sum will be 
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he Second be Added to the T hird, their Sum will be 46; and 


he Firſt be Added to the Third, their Sum will be 36. What 
the Numbers ? | 


t is, 4 Legs. e4-y=46. and a+y=36: 


Wow the Queſtion is perfectly Limited, each ſingle Quantity ha- 
g but one ſingle Value, to wit az=6; e=16, and y=30. 


N. B. If the Number of the given AM quations exceeds the 

nber of the Quantities ſought ; they not only Limit the Que- 
pm, but oftentimes render it impoſſible, by being propos'd Inn 
zſiſtent one to another. | 


Having rruly ſtated the Queſtion in its ſulſtituted Letters, and 
nd it Limited to one Anſwer, (or at leaſt ſo bounded as to have 
ertain determi nate Number of Anſwers) then let all thoſe ſtb- 
guted Letters be ſo ordered or compared together, either by 
ling, Subſtracting, Multiplying, Or Dividing them, &c. ac- 
ding as the Nature of the Qucſtion requires, until all the un- 
2 8 except One, are caſt Off or vaniſhed ; but thete- 
great Care mult be taken to keep them to an exatt Equality; 
when that 11knowsn Quantity, or ſome Power of it (as 
uare, Cube, &c.) is found Equal to thoſe that are k720wwn ; then 
> Dneſtion is ſaid to be brought to an Equation, and conſe- 
Nentiy to a Solution, viz. fitted for an Anfwer. 
But no particular Rules can be preſcribed for the Caſting off, 
getting away Quantities out of an Æquation; that part ot 
2 Art is only to be obtained by Care and Practice. And when 
at is done, it generally happens ſo, that the unknown Quan- 
y which is retained in the Æquation, is ſo mixed and entang- 
with thoſe that are knows ; that it often Requires ſome 
ouble and Skill to bring it (or its Powers, &c.) to one Side of 
> Z£791ation, and thoſe that are known to the other Side; (till 
1 them to a uf Equality) which the Ingenious Man Scooter 
- Principia Matcheſeos Univerſalis, calls Reduction of A. 
arions. | Fo 
The Buſineſs of Reducing Equations (as of moſt, if not all 
gebraick - Operations) is grounded and Depends upon a right 
plication of the Five Axioms propoſed in Page 146. and there- 
de, if thoſe Axioms be well Underſtood, the Reaſon of ſuch 
*erations muſt needs Appear very plain, and the Work be eaſily 
rformed ; as in the following SetF:075. 3 


Aa Sect. 


Io 


CEE 


\ 


— 


1 78 | Algebra. 0 — Part 
Sect. 1. Of Reduction by Addition. | 
Reduction by Aaidition is grounded * Axiom 1. and is 
the Tranſpoſing (viz. the Removing) of any Negative Quant 
from either /ide of an Z£quazon to the other ſide, with the Si 
before it; As in theſe 


Examples. 

Suppoſe ra- Again, 
Then | 2 AN Let [1 
zZ 1-td |: 
2 a=4+bl 2444 3 


5 
— tw 


aa -d c- aa 
ad- , 
24 t e e e e  * 
— 3 — 
a Note, ben any abſolute Numis 
I | 44—4=6—4 Regiſter d in the Margin, you muſt 
WAY, 34=6-Þ-4—4 P J Line over it, to diftingui( it fun 
a =6+4=10\ faber Numbers, As 4 in the 2d 
. eee this Example. 


Let || aa - Ac —b—dad—2ba 
x +b zl a4—dc=dd—2ba+b 
2+4c 3 aan u- EUA £3 
23+2ba IAA 2 ᷓ u - -A 


Suppoſe | 1 | 24a—d=cc—3baa—adn 
i-þaas | 2 | aaa-2da—d=cc—3bas 
2+3baa] 3}; aaa-3bagd2da—d=c * 
3+d| al ana-b-3baak-2da=ccÞ+4, &e. 
| Se. 2. Of Reduction by Sublfracion. 18 
Reduction by 2 ts is grounded upon Axiom 2. ad! 
perform d by ran e (or Removing) any Affirmative A 
ity from either fide of the Æquation, to the other ſide, N 
the Sign — betore it. As in thſe 1 


For 
1 ＋3 


Let 


— 


— 


W 


—ů [f — —— — — — 


— — 


- 1 0 uf Examples. 8 * | R a 
Suppoſe | iE CLA Let IIZ EA 
And |: E==hb — 2 24 ＋ 46 : 

3 L 


— — - — — — — — - — a 0 * — 


Suppoſe 1 an-ded-b=adf-2ha 


*. 


2 | a4—2babdcÞ+b=ild : oo 0 
5 aa—2baT + Go id dc \ A 52 7 4 * 127 , xD 


he . = a * = #- % 4 b 
* 
— — — — ————— — 
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t IIA. EA ccf zbaa - -d 
zhaa 2 aα,jνẽ.. gha u cc -A 
24aj 3] aaa zbaa— da -A cc 
4 | 41 aaa. aa -2da cc —-4 


— - ” * % « 
0 ut — — 
— 
— — — — — 


Set. 3. Of Reduction by Multiplication. 


act ional Quantities in any Maquation, are brought into 
ole £rantitzes ; by Multi lying every Term in the AÆgua- 
„ with the Denomiuators of the Fractions, per Axiom z. 


* 


in theſe 


: Examples. 
, | * 
q "4 | 
Then 12 G=6X5==30. For 7 e 
OB 5 abt. wn” 
Let [2 — Suppoſe 2 
1X2b 12] 61¹ = de I xa—b] 21 a e 
Suppoſe | Ebb f=2 
1xb ee 
2X4 | 31] aaa-boaþ-bfa==dxb 
| —_ .. vu . exn—_—_s PR 
8 aaa ba—bb 
Suppoſe | = — 
i PPo [ aa—bb ab | 
—_— baaa—bbaa—bbba—bbbb 
A- 2 | aag=— pt + 8p 
Bhs a a 
E 


— — 
ke 4 


dect. 4. Of Reduction by Dibiſion. 


When any Quantity (either known or unknown) is in every 
m of an Aduation; if the whole Aquation be Divided by 
at Quantity, it will be Reducd into Lower Terms, per 
10% 4. As in theſe EG, 5 v f 


A a 2 Exam. 


— 


t Baabe 
A , = = 1 T 15 


Let 1 e ada 


| 2 


0 when the unknown Quantity is Multiplied (viz. joi 
with any that is known ; let the whole Æquation be Divik 
by the k:owr Quantity, that ſo the mnknown may be Clem 
As; in theſe 


2 
Suppoſe | II- ca I caa - Adaa cd 
17 b=C| 24 — I-(—d4|2| aa = 24 
a C4 oh 


Suppoſe] 1 Wa — eee 
I = bal» baa—2bA A ＋ . 


275 3 e. 
ee eee eee 
Let 1 1 4d i,. = e 2 ic 
1272 daa 6aa= boa 30a 
2 243 n 
/ 9 c- ze 
3 164. 
_ \ | 1446. 


——ͤ — * — * ws 


 — 


Sect. 5. Of Reduction by Jnvolutton. 


When there happens to be an Æquation, between i 
geneal or like Suras ; Take away the Radical Signs | 
Pranitties, and they will become Rational, As in theſe 


| Examples. 
Suppoſe [7 75 ll {:| IA. i 
10 2 — 2 | — ag 4 4 Ch.3 


Or if one ſie of the ovaries conſiſts of Swrd Adu ji 
wand dhe other ſie be aa Then Involve the Ralle 


2. au 


2p. 5- Of Reducing x Zquations. 8 18 


antities to the ſame Power (or height) with Be: Tudex of 
S 5174, and take away the Radical * As in theſe 


Examples. 


Ge [: | 5 by; 265 ee = 


nn —— 


yh 1 841; 1 


— — 
— ates, | 


Sect. 6. Of Reduction by Evolution. 


nen any ſingle Powers of the Unknown Quanti 15 is on one 
of an Æquation; Evolve both. ſides of the Æquation, accor- 
gas the 5 of that Power denotes, and their Roots will 
Equal. As in theſe 


2 


det wm Wh A — 
1552 a = 36=6 4312 7 273, & ge. 


1 


* 


ſe |1]ag=bb — dT Let | ana=b3+3bbc- 3 leo Le 
b — I w3 | A= Ac 4 


© 
— 
— — 12 


— 


Or if an Compound Power of the unknown Quantity be at 

e Side of the Æquation (that hath atrue Root of its kind 4 
volve both Sides of the Æquation, and it will be * 
to Lower Terms. As in theſe 


Examples. 
goa] ant za Nb Ad | aa—2bad-bb==ddcc 
FFP 121 a+ A | a Ac _ 2 


—— —„- 


Here follow a few Examples of Clearing Equations, wherein 


Il the 3 are promiſcuouſly uſed. 
As Occaſion requires 


, Example 1. 

| WIC [x — —.— — — What is a==to 
7 E FS . 

| Tx + | 2 | aac —d= = 5 — 


— F 


2X6 


i 2 — POS 0 8 7 - — — 


182 | > 313802 "Maw" 0 my 


CLE: aa -C- — 444 r 5 
51444) , | baaanabe—bd=ag' 
4+#a} ; Ibaod-gaad-be=qo4bJ 
'g—bclg 6 neee 
— U C 21 82 f 
6 7A S r. awe: b . "Y 
— 128 . 
792 |8 — | 
Example 2. 


e 3 What is the Value of 4. 
14 e e. . : Kon | 
[144-354 = 32 ed. ory 
RE 354—4 
2* 3544 3125316 - = ae 
34544 | 4 4 125317 | 
4=4]5144=31329, LES 
5uu z 16 ou 3T3298=177 | the Value of f 7 requir'd. 
A + ® — 
8 EFsrample 3. 
Suppoſe r e e CS : a=? 74 
4 aa zůᷣb - 44 31 44 —— 55 
E N 
16-2 2 4 as 4 
an—2bb bas 
. 
| | 4 4 4 C ] 


That is |, |4#__ 9 bas =. | 


— 
— — 
— 


| 2 - 4 . c | 
For S ag—3bb _ 244 aa 


—  ——_— ry * 


And| 1 * 


= r f= 


4 
= 4 
1 


— 


Y 
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8 
—. 1 2— 2 9 5 
I 
5 O 2 6 — 4; bog 4 . f tf 
| | 5 1 8 
* a a / A A 
a 545 pF 128 UFO PN 
7 | „ * x \ , 
| : x 
8b T= 
55 e 
9 co]. 10 bat. NL — 
r 3 | 
W 10 * 4 [11] 4þ4* þ gcch = 4ca* 
aba! rz ech Ac — 4ba⸗ 
y 1.3 F 
12 jn 4 
= 44 p 
For r e ee 
5 1 gccb? a 
iz HA = : As was required. 
> : - — — 13 1 


y help of theſe Reductions ( 1 applied) the unknown 
antity, (a) or its Powers, are Cleared and brought to one 
de of an Æquation; and if the mnknown Quantity (a) Chance 
be Equal to thoſe that are known, the Queſtion is Anſwered. 
s in the firſt Example of Sect. 1. and 2. e 

Or if any ſingle Power of the unknown Quantity (a) is found 
al to thoſe that are known, then the reſpetiive Root of the 
_ Quantities, is the Anſwer ; as in the firſt four Examples 

6. & . W n S 

But when the Posters of the unknown Quantity are either 
ved with their Root; As aa + ba = 44, &c. Or do conſiſt 
afferent Powers, As aaa ban = fd, &c. Then they are 
Hed Aﬀetted, or Adfefted AMaquations, which require other 
er ho to Re ſolve them, vig. to find out the Value of (a) as ſhall 
lhewed further on. re TON 2 AER 


+1) TOE \.* ö . 
1 1 Y 1 * 
. 


{ 11 | ae | 
© . * „ 
K od n Nur CH AP 
* | | i ® 


> * 


- be © 1 . b 
_ o \ — * * * . » + - cd 
s « ” - "4 4-2 
| \ : — * 
g =, ue 2 WOE 29 aan — oe 
= 


and e the common 


Then ; a: Ee: atze: age: a+42: 2 ße: ace: | 


Algev za. Pan 
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CH AP. VI. 


Of P2opoztional Quantities ; both Arichmetical, Geometel 
an 4 


d Mulical. 


N greſſion, Chap 6. Part 1. may be eaſily applied to 
Series of Homogeneal or Like Quantities. 


Sea. 1. Of Quantities in Arithmctical P2ogreſſion 


Thoſe Quantities are ſaid to be in the moſt Simple or Nat 
Progreſſion, that begin their Series of Increaſe or Decreaſe 
a Cypher : | | 

0:04:24: 38 : 44 : 54 : Ca: &. Tncreaſom. 
Thus) O t—d;—24;—34:—44:—54:—64: &c. Deoreaſig 

Or Univerſally, 2 a the firſt Term in the Pregrej 

xceſs or Difference. 


a: A -e: d—2C : A - ze: A—48 : a—5e 2: 4—6e:: & 


In the Firlt of theſe Series it's evident, that if there be 
Three Terms; the Sum of the Extreams will be Double wi 


Mean. 


As in theſe, 6 41 243 Or, a: 24: 34: Or, 24: 34: 40 


viz. . 24. F = A Ca: Or, a- EA za Tza, &. 
| Alſo, in the Second Series, either Increafing or 1Jecreu 


it's evident, that it the Terms be a.: ate: ar, Ke 
creaſing 5 Then 4 + a+ at, 2. 24 ＋ ze the Fum of | 


Extreams, is double to ae the Mean, Or if they bes: 
e:4— 20, &c. decreaſing; Then a + 4 — 2e: viz 24 
the Sum of the Extreams, is double to a—e the Mean. * 


ſo it will be in any other T hrce of the Terms. Secondly, If (0 


are Four Terms; then the Sum of the Tivo Extreams, wil 


' Equal to the Sum of the Two Means. As in theſe, 4:7! 


ae: 4 ze, in the Series increaſmg; Here a+a4+3# 
 +@a+2E. | 


Alſo in cheſe, 4 4 — e 4-104 — 3e in the 6. 
decreaſing; here a + a — 3e 2 4 —e 44 — 20, &c. 105 


other Four Terms. 


Conſequently, If there are never ſo many Terms in the del 


the Sum of the Z<vo Extreams will always be Equal to the» 


H AT hath been ſaid of Numbers in Arithmetical q | 
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ny 700 Means, that are equally diſtant from thoſe Extreams. 
in 2714 a+ Tent PAT vn ty : — 
re a +-2+5e=a+e+4+ 4e= 4+ ze 45+ 36, &c- 
1 0 Number of Terms be Odd; the Sum of the Tuo 
treams will be double to the Middle Term, &. As in Corol. 1. 
. 6. before mentioned. , | 


ConſeQary 1. 
ence it follows, (and is very eaſy to tenceive) that if the 
m of the Two Extreams be multiplied into the Number of all 
erms in the Series, the Produtt will be Double the Sum of 
the Series, 9 ks X s She 
Wow for the eaſier reſolving ſuch Cueſtions as depend upon theſs 
ereſſional Quantities, | 


a = the Firſt Term, as before. 
y = the Laſt Term: | 
| 5 == the Common Exceſs, &c. as before: 


N= the Number of all the Terms. | 
S = the Sum of all the Series, viz. of all the Terms. 


en will a+ N N= 28, by the precedent Confeftary + 

nat is, Na + Ny = 2S. Conſequently LY S, the 
m of all the Series, be the Terms never ſo many. T hirdly, In 
le Series, it is eaſy to perceive, that the Common Difference 
is ſo often Added to the Laſt Term of the Series; as are the 
umber of Terms, except the Firſt; That is, the Firſt Term (a) 
h no Difference Added to it, but the Laſt Term hath fo many 
nes (e) Added to it, as it is diſtant from the Firſt, 7 
Conſequently, the Difference betwixt the Two Extreams, is 
y the Common Difference (e) Multiplied into the Number of 
the Terms Leſs Unity or 1. way | 
That is, N—1%e=9—a, the Difference betwixt the 
wo Extreams, vis. Ne — e — 48: | 


Conſectary 5. 


Whence it follows, that if the Di ference betwixt the Two Ex- 
ans be Divided by the Number of Terms Leſs i. the Quotient 
be the Common Difference of the Series. 


2 


To wit, . = 8; 


, 5 ; Now 


x * * 
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Algebra. Patt 
* IS | _ 054, 

Now by the Help of theſe Two Conſefaries, if any Thi 
the aforeſaid Five Parts (vid. d. y.e. N. S.) be given; the d 
Two may be eaſily found. 


- 
W ä _ as. 


Thus, 1I NY 55 


n —— 


| 4 
2XN—1 3 y—a=Ne—e 
ef 4|J—4Te=Ne N 
Ex T he Number of Terms 
ER 6 Nat-Nj=2S 
6—Na| Y Ny ==: Na 
77 8 — The laſt Term 
6—9N| 9| Na=2S—Ny Bo 
9=N|10 —Y = The firft Term 
| 
6+ 449 11 75 = N T he Number of Terms. b 
5, and 11] Ft — er Axiom 5. 
. 1 | E aN £ Y 


ET 

4e 15| yy—aaÞae+tye=2Se 
15—ae] 161 yy—aa-tye=2Se—ae 
16—Je {17 {yy —a0=2 Se—ae—ye 92 
17 *. 18 — I Se The Common Difference. 
[28 —a—- _ —— 
3419 Ne—e-ha=y The laſt Term 

19 e 20] N= “e 
20 Ne 21| y+e—Ne==4 $i he firſt Term. 

c. | 


— —— — * 


4 8 8 „ 
1372, BY {ten +2 =s T'he dum of all the Sci 


' l 
* 
—— s_ 


1. G—_ 


— 
— 


In like Manner you may proceed to find out any of the H 


« 


Quantities ( a. e. y. N. S.) otherways, viz. by V aryirg, 
Comparing of theſe Xquations one with another, you 1 
proatice new A'quaticus with other Data in them) the l 0 
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all here omit ur ſuing, and Leave them for the Learner's 
actice. e 


Sect. 2: Of Quantities in Geometrical Proportion. 


cometrical Proportion continued has been already Defined in 
. 2. Chap. 6. Part 1. And what is there (ſaid concerning 
bers in = may eaſily be applied to any Sort of Homogeneat 
antities that are in . OE Man T9, | 

he moſt Natural and Simple Series of Geometrical Propor- 
als, is when it begins with Unity or I. rea 


As 1.4.44. aaa. aaaa. 45 . a,, &c. in * 
or 1: 2 :: a: aa: aa: aaa :: aa: anna, &c. 


Ur 4 .b bb ub bbbb 2 Vc. are Terms in = 


a aa aaa at, 
bb bb bbb bbb u b 


or a: U:: : :: : — 2 — &c. 


| 5 11 , ind) 8: . 


hat is, when all the middle Terms betwixt the Tawo Extreams 
both Conſequents and Antecedents, that Series is in Geome- 
Proportion continue. 

herefore in every Series of Quantities in = all the Terms 
ept the Laſt are Antecedents ; and all the Terms except the 
ſt are Conſequents.' © e 

But Urztverſally putting a the Firſt Term in the Series, 
* Ratio, viz. the 1 Multiplier, or Diviſor, then 


r . 


4. ae. ace. aece. aeeee ae des. &c. in = 

8:4 8 a 

Or 3 — — . — #. &c. are in = Decr. 
E &@: a8 | aver @&* * 


 aaee 
For a: de:: a:: dee, CC. 


a | 
4 a 2 A 2 A A a 
nd 4 © wan Soon Si Sins &c. 
e e ace Ee Ee ee eee 


In any of theſe Series it is evident, that if Three Quan- 
es are in = the Rectangle of the Zavo Extreains will be 

val to the Square of the Mean. | 

s in theſe, 4: ae. ace here a X ae, = de x ae. dace. &c. 


Bb 2 Cr 


Dre. 
e 3 

II. If Four Quantities are in = the Rectangle of the Extru 

will be Equal to the Rectangle of the Means. | | 


As in theſe, 4. ae . ace. ace. here a x ae* == ae x ace. 
5 , F 
Or a.. . here alſo 3 x — =— Xx —= — &, 5 
| e ee eee > ece e ee ce 

4 


Conſequently, If there are never ſo many Terms in the Sl 
of = the Rectangle of the Extreams will be Equal to il 
Rectangle of any Two Means that are Equally diſtant fromth 


As in theſe, 4. ae . ace. aeee . aesee. ae! &c. | 
viz. a x a de x ac. Or ae X a=acet X ace = att 


a N ad 5 
RW 


III. If never ſo many Quantities are in = it will be, As ii 
one of the Antecedents is to its Conſequents; So is the n 
all the Antecedents, to the Sum of all the Conſequents. is 


4. 4e. ace. aeee , qeeee . ae*, &c. Increaſi Bl 


As in theſe, & 4 4 4 4 4 
| 4a —, —,—,—,— &, Decreaſing. ' 
e ee eee ecce e 1 5 


4; de: 4+ ae ace + ae ae: ae+ ace F ae*+ ac 
a 4E 4 a a a a a a a 4 

e eG EN L 0 

Viz. 4 xaeb-aec-ar*Þar*þ-ae*=acxa4-ac4-gcear +l 
That is, the Rectangle of the Extreams is Equal to the A 


* 


angle of the Means; per Second of this St. 
Note, The Ratio of any Series in = iucreaſing is found 
Dividing any ol the Conſequents by its Antecedents, 
Thus, 4) ae (e Or ae) ace (e & c. 
But if the Series be Decreaſing, then the Ratio is found 
Dividing any of the Antecedents by its Conſeqitents. 


a © 8.8 
Th) ce OrSfy Z: e:Tec.: 


—— 


— 
8 5 
4 

's 


a 
1 
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— 


| | ConſeQary. 


WE eſe Things being premiſes, ſuch Equations may be deduced 
=: hem, as will ſolve all ſuch Queſtions as are uſually propoſed 
put Quantities in Geometrical Proportion In order to i hat 


ehe Common Ratio. $ as before. 


Ahe Laſt Term. 
„he Sum of all the Terms. 


ren S—y=the Sum of all the Antecedents. 
and a the Sum of all the Conſequents. 


a The Firſt Term. 
Let ö 


1 Analog y.] 114: ae :: S—y S- Per the III. of this Seff. 
x 1. | 2| Sa—aa==aeS—gey 
ra] 53 S—a==eS—ey 
3+ey| 41STtey—a=es 
| 4—S| 5ley—a==eS—S 
—_ 5; -—1 4 — — The Sum of all the Series. 
MI — 7 * 
-S—y| 7 —5 De The common Ratio. 
2 +a 8! ey==eS+a—sS . 
8=cz 9 — The TLaſt Term. 


4+a] 10! $SÞey=eS+a | 
10—eS[11| SÞey—eS=a The Firſt Term. 


r 
—— — 


— 


— 


Note, The *- ſet in the Margin at the ſecond Step, is inſtead 
Ergo; and imports that the Rectangle of the Two Extreams 
the Firſt Step, is Equal to the Rectangle of the Means, And 

d for any other Proportion. | 


Set 3. Of Marmonical Proportion. 


 Harmonical or Muſical Proportion is, when of Three Quan- 
tes (or rather Numbers) the Firſt hath the ſame Ratio to the 
bird, As the Difference between the Firſt and Second, hath to 
e Difference between the Second and Third. As in theſe fol- 
DWIng. APY | | 188 

Suppoſe a, ö, c in Muſical Pro portion. 

72 a: c:: —-4 : c—b 
1 acc cba 


| 


2+ 


_— 


2 ＋ca 3 ch=24c—bs 
3>26—b) 5 — 7 ** The Firſt Term. 
3 Ta A 2c c | 
ele 2s The Strand Term. 

5—cb]7 24c—cb=ba | 


7 7 26 8 — The Third Term. 
— . — — — — — C——_——_——_—s ̃ * 


24—b 


If there are Four Terms in Muſical Proportion, the I 
hath the ſame Ratio to the Fourth, as the Difference betw 
the Firſt and Second hath to the Difference between the Tin 
and Fourth. | | 
That is, Let 4. b. c. 4 be the Four Terms, &c. 


Then] 12: :: b—a: A- 

I | 2 | db —da==da—a 
Wile 3 1” DEN 

8 

2 => 2A—C\ a1 ——= 
— [+ * 
: 24a ca 
37 = RI 
z ca Abc = 
6—4b| 7 | ca==244—ab 


7 ade 


CHAP. VIL 


Of Proportion Dis jundt, and how to turn Æquations int 
n Analogies, &c. | 


Proportion Disjunct, or the Rule of T hree in Numbers, "ſh 
ready explain d in Chap. y. Part 1. And what hath been 119i 
ſaid, is applicable to all Homogeneous Quantities, vis. of Li 
to Lines, Ec. | 
ages. I. f yo 

If Four 8 (viz. either Lines, Superficies, or Solis) 
Proportional: the Rectangle comprehended under the Exif, 


PPP . Ie ne ͤ ̃⅛—Z]B«M!:K̃¶—¹wmnm̃²˙ ARR—_——— >, .——— RN» EC 
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qual to the Rectangle comprehended' under the ivo Mears, 
Euclid 6.) DEE 
or Inſtance, Suppoſe, 2. . C. d. to repreſent the Four 
mogeneal Quantities in Proportion. 
iz. 4:0:: 0:4, Then will ad=bc. 
or ſuppoſe 4 then will A | | 
And it will be 42: 24 :: c:2c. Here the Ratio is 2. 
but 4X2C==24XC. VIS, 2CA==206 
r ſuppoſe za then will 4=3c 
And it will bea:34::c: 30. Here the Ratio is 3. 
but 4X36=34X0. VIS. zeug zac. 


ö 


Or Uiverſally putting e for the Ratio of the Proportion, 
making Dae, then will Ac 5 

and it will be 2: e:: c: ce 

but 4Xce==4eXc viz. ace acc. 


allen; ad=bc which was to be proved. 
WV hence it follows, that if any Z hre of the Four Propertionat 
Jantities be given, the Fourth may be eaſily found. _ 


—_ 
Let] r la: b:: c: 4. Then 
1 7 - = bc as before 

7 N 
2 < a 3 4— 5 
e 4 — 
c 
5 Ic 7 


” 2 = bd 08 | Note, In this Tamer Euclid, 
FF 7 . 4 in his 5th Book expreſſes the Ratio 
| oy” of Proportionals, viz. the Ratio of - 
s 2 > ac| 8 3 a robis £ 
nk a C b 


— — 


1 Quantities are Proportional, they will alſo be Pro- 
e in Alternation, Inverſion, Compeſition, Diviſion, Ccn- 
4, and Moxtly; Euclid 5. Def. 12, 13, 14, 15, 16. 


That 


Algebꝛa. Pan 
I FP 0: d be in Direct Proportion, as bel 
21a:c::b: d Alternate. For ad==bc 
$[b:8a: id: c Inverted. For ad=bc 
4ja+b:b::c+d: d Compounaed. 
3 

6 

7 


MC 


SD 


da- e That is, ad4==bc, as before, 
arc: bd: Alternately Compound 
ad +cd=bc ed That is, ad==bc. 
S -b: b -A: Divided. 
9 ad—bi—bc—bd That is, ad bo. 
1 la-: c:: b—d:d Alt *rnately Divided. 
11 2 That is, ad bc. 
214: Ha: : c: Ac Converted 
x . That is, ad—bc. 
15 a: a—b : : c+d4: C—4 Maixtly. 
115 hes +be—bd=ac+ad—be —bd 
16 2bc=2ad ; That is, — As at firſt. 


Note, What has. been here done about whole Zone al f 
Simple Proportion, may be eaſily pertorm'd in rational Qu 
tities; And Surds, &c. 


For Inſtance, if — 2 9 ET and it be required to | | 


| 7 
the Fourth 1 : 
it will be = the Rectangle of the Means; which he 


Divided by the Firſt Exrream L it will become 
ab Acc adde—cee __ AA cc 


4 > a a 3 
Or if Y: V:: VMA: to a Fourth Term. N 
Then is, / 7395 X M bc- bd. be the Rectangle of 
IJ ſeaus, And b) b 2 ( Ac the Fourth Term. 


That is, 5: . 229 babe Ac &C. 


the Fourth Tn Ty 


Sea. 2. Of Duplicate 10 Triplicate P20poztiolt- 


The Proportions treated of in the laſt Section, are to be uns 
flood when Lines are compared to Lines, aud 1 


4 e 


= 


4 — 4 alk. att 
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perficies ; or Solids to Solids ; viz. when each is compared to 
t of its like kind, which is only called Simple Proportion, 

But when Lines are compared to Super/ictes, or Lines are com- 
ed to S0/ids, ſuch Compariſons are diſtinguiſhed from the for- 
by the Names of Duplicate and Triplicate, (&c.) Propor- 
; ſo that Simple, Duplicate and Triplicare, Ec. Proporti- 
are to be underſtood in a different Senſe from Single, Double, 
ble, Sc. Proportions, which are only as r, 2, 3, &c. to 1; 
thoſe of Simple, Duplicate, Triplicate, &c. Proportions, is 
of 4. aa. aaa ., &c. toi. Or if the Simple Proportions 


chat of à to 5, whoſe Ratio or Exponent is 15 or 
2 


dung to Euclid's Way. 

| en - * 3 is the Exponent of the Duplicate 
3 þ-- bb | 

a 


3 | — 
= - * — Xp = > is the Exponent of the Tr.Prop. ot; 


Oc. 


nd if there are Three, Faur, or more Onantities, in & as 
. 4 aaa. a. as, &c. (As in the Firſt Series, Sect. 2. of 
laſt Chapter.) Then, that of the Firſt to the Third, Fourth 
Fifth, c. (viz. 1 To aa. aaa. . a* ) is Duplicate, Tripli- 
Quadruplicate, Ec. of the Firſt to the Second, (viz. of 1 
; And by Inderſion, that of the Third, Fourth, Fifth, is 
Wicate, Triplicate, Ec. of that of the Second to the Firſt 
Wo 1) Fer def. 10. Encl. 5. But the Nature of theſe Propor- 
vill appear more Evident, and be eafier underſtood when 
W arc Applied to Practice, and illuſtrated by Geometrical Fi- 
Further on. - 


> 


1 ah. _ n 


Seck. 3. How to turm ZEquations into Anälogies. 


m the firſt Section of this Chap. it will be eaſy to conceive 
to turn or diſſolve Æquations into Analogies or Proportions. 
r if the Rectangle of Two (or more) Quantities, be Equal 
Rectangle of Two (or more) Quantities ; then are thoſe 
( or more) Quantities Proportional. By the 16 Eucl. 6. 
at is, if ab c. Then is 4: c:: 4: b. 

Or e ::: &c. 
om whence there ariſes this general Rule ſor turning Æqua- 


ee Rule 


0 
16 


» into Analcgies. 
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* 


Rule. "=ECY 


Divide either Side of the given Equation, (if it can be i 
into Two ſuch Parts, or Factors, as being multipli ed tages 
evill froduc? that Side Siu and make thoſe Two Parti 
Taro Extreams. Then Divide the other Side of the Aqui 
(if it can be done) in the fame Manner as the Firſt was, 

er thoſe Two Parts or Factors, be the Two Means. 


For Inſtance, Suppoſe ab1-a44-b7. 
Then 4: b:: 45547 55 17 :: BA: 4 &c. 
Or taking ad from both Sides of the Æquations, and 
It will be ab—b4—ad. Then 4: d:: b—a: b. 
3 . 8 s 
Again, {uppole aa+24ae=2by ; oo 
Hee a 1 2 the Re of the Firſt Side n 
#quation ; for a+2eXxa=aa+2ae. þ Ip 
Again, y and 26+y are the Two Factors of the other fi 
Therefore, : y : : 2b4+y : «4 

Or 2b4-y A -ze :: 4:9 &. 0 


=_ 9 = 4 # . * 2 5 wh = : 2 ow 
\ , \ - . 4 = .- | = a \ 
$ f 2 9 — , Wo a | _ ' 
- _ \ . 8 bk — —— 32 — z * 
_ 5 * * 2 
„„ 23 d 2 _- ah ' r 
ta. WW. ve * *'D.4> « Fs 1 28 2 r 17 0 " 
we ==, A „ 8 — N 1 t 
- © 


- - e = b " 
2 — * * COT 1 
E22 . - - LI Fy — 9 — 
is 
LN o - l =) * 
—— — Tx] 


When one Side of any ÆEquation can be divided into Wl 
Factors, as before; and the other Side cannot be ſo Din 
then make the Square Root of that Side either the TW 
treams or the Two Means. * 
For inſtance, Suppoſe Ic CA A. 
Then 6 : y/ dog :: Vg: +4 
Or y day : b:: rd: y aatg8. &c. 


— * 


9 
4 
* 
[1 
| * 
4 
bl 


7 20 pa 
| RR — OI” 
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CHAP. VIII. 
Of Subſlitution, and the Solution of Quadzatick Aqua 


Sect. x. Of Subſtitution. 


When new Quantities not concerned in the Firſt Rating o 
828 are put inſtead of ſome that are engaged in it, ® 
called Subſtitution. | 3 | 

For inſtance, If inſtead of Vcc you put 2, or aß 
Letter. | 


That is, make S = Ic —ac. 2 
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Dr Suppoſe aa ba- ca ,d. Ac, inſtead of b—c+24 put s, 
any 12 Letter not engaged in the Queſtion, | 
iz. hc Ad. Then aa Ac. 
hat is, if c be greater than , it's aa Ac. 
But if þ+#4 be greater than c, Then it's aa ꝰαe=Ac. i 
And this way of Subſtituting or putting of new Ouantities 
cad of others, may be found very uſeful upon ſeveral Occa- 
s; viz. in order to make ſome following Operations in the 
„lion more caſy, and perhaps much ſhorter than they would 
WT without it, as you may obſerve in ſome Oueſtions hereatter 
Wpoſed in this Zratt. | 
id when thoſe Operations, in which the Subſtituted Quaunti- 
rc aſſiſtipg or uſeful, * are performed according as the Na- 
: of the Cweſtion required, you may then (if there be Oc- 
Won) bring the Original or Firſt Ouantities into the Æquati- 
in the Place (or Places) of thoſe Subſtitrured Quantities, 
och is called Reſtitution, as you may ſee further on. 


———————_ — 


1 AM 
— 


Sect. 2. The Solution of Nttadzatick Equations. 


Then the Quantity ſought is brought to an Zqnaliry with 
pe that are known, and is on one Side of the MÆquation, in no 
re than Two Different Powers whole Indices are double one 
WT another, thoſe Aquations are called Quadratick Aquations 
= . and do fall under the Conſideration of Three Forms 
y ales. 

WW Calc r. aa - 2bA Ac. a 2 Ac. 

W Caſe 2. e And T. 

Caſe 3. 2ba—aa=7c. z2ba -A c. 


a ＋T2zbA Ac. | a*+ 2ba*=2c. 
Also e e And 5 0 &c. 
9 2ba -A Ac. 2b a — 4 ac. 


Wben there happens to be more Terms in one of theſe kind 
Aquationus than Two, and the higheſt Poæver of the unknown 
antity is Multi plied into ſome known Co-eficients ; you muſt 
duce them by Diviſion; as in Sæcf. 4. of Chap. 5. and for the 
actional Quantities that may ariſe by thoſe Diviſions, Subſ?z- 
£ another Quantity Doubled. 


For Inſtance, Let back-caa—ca—da=debcb. 


Then 9 22 ac4-cb ke —4 =2X, 


D Ic 
Cc; — 


1 * 7 > wn — o 
« = Þ * £'v l 72 o - - - . 
= " _ ay 4 vw. - - a 
= 5 N - — 1 C « ſh 
_ \ \ ” — " == n 9 f 3 * . et. _ * ” 
| \ r 3 8 5 — 
22 A _ IOC \ — > — Z — ” 1 1 8 4 
* f ” - - - \ 2 An q g SI 1 — r - R - 8 
— l — — — 5 =_ —_—_ \ bs. l we - * I - = —— Vs by 
- 8 — 5 -=— n 8 = » » .. bh” _ x 8 2 * © wi - . ky - : * 
7 4 . 1 * 7 « " 8 \ 1 r 
— + * py — - == x 1 - z 3 — 1 h ad n „ CY * 

1 I 2 9 42 « - * of 3 a V 4 T l = - * 
5 — * » = _ ” + , . 

ws — * * — * XY I * * . : l — N . * 

» -& — 1 4 . k _ - — " — . 
A _ * 4 "B&. % — q - 
> - * — — — — — * N _ 
— — — — n Ü 5 
- - 
5 R 
* 


83 


s > * 
— 2 2 
D 
n 
* M6, N 
1 an ' 
= — * 


2 
mg: 


—_ wo — 
— ot © 
— 
5 2 8 
* 
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And if you pleaſe, for 25 . 
Then will 44—2xa==s be the new AÆquation, equal to ii 
other, being now fitted for a Solution. | 
Now any of theſe Three Forms of Z£quations being thus w 
ared for a Solution, may be reduced to fimple Powers by 
ing off the Second or Loweſt Term of the unknown Puantin 
which is done by Sub/?itution, thus, always take * 4 the ku 
Co-eficient, and Add it to (Caſe 1.) or Subſtract it from (Caſ:: 
its Fellow Factor; and for their Sum, or Difference, Subſt 
another Letter. As in theſe. * 


bs 
* 
AZ . > 


Let I an-2ba==dc Caſe I, . 
Put 2 | 44+-b==e | . 
20 23% aba -b ce 


3 14% Dee 4e 
4 -A 5 1ee—bbd-dc 
52 e VNA | 
2 and GEN Ude Per Axiom 5. 


—— —— CR ——_—_—_— — — —— — — — — 
Again. 
4 1 e e Caſe 2. 
Put 2 | 4—b==e 


2&2 3 | aa—2babb=ec 
3—1 | 4jbb=ee—ac 
4 L 5 eemde>+bb 


* » 1 1 b S4 4 720 * 
A 
r 


5 2 Emzy/ dc 
2. 017 G—b=y dcd-bb | 
75-3 8{ Vd | 
22 — — —— —AR-2upñn¹— ———ů—ů —ö— i 


In Caſe 3z. From half the known Co-eficient Subſtratt | 
fellow Factor. 


Thus, — 1 | 1 
ut 219 — Ace 
28˙2 % Lege 
F514 l Ac bee 
4-4. J ces 
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. dc dds "Y 


* 


8 n 
— 9 A 
* „ — * 


. 


ad this Method holds good in thoſe other Z£qnations, where- 
he higheſt Poꝛvers are a*, a*, a, &c. As for inſtance, | 


Let! IIa“ Taba ac. Caſe 1. 
2a e 

z| a*+2ba*-bb==ee 
3—114 bb—ee—dc 

4a+4c| 5 | eebb4d-dc 

guv2 = de 

2, 617 a T= LY ; 
T—b Se ü —5 PIE 
v3 ole" HEE; —b 


—ů— ——— —— — — — — 


he ſame may be done with all the reſt, Care being taken to 

or Subſtract, according as the Caſe requires. 

But all Quadratick Æaquaticus may be more eaſily Reſolved 

Compleating the Square which is grounded upon the Conſide- 

Wc: of Raiſing a Square from any Binomial, or Reſidual 

Wt, (See Sect. 5. Chap. 1.) | 1 = 

. If be involved to a Square, it will be aa42ba+bb 

: nd if a—b be ſo involved, it will be ag—2ba4+bb 

i hence it is eaſy to obſerve, that aa ,. Caſe r. 

nd 1z—:b:—4. Caſe 2. Are * 0 Squares, wanting 

y bb to make them Compleat. And therefore it is, that if 

Wy the known Co- efficient be invelved to the Second Power, 

dhe Suare be Added to both Sides of the Æguation, the 
K.0Wn Sid will become a Compleat Square. 1 


177 half the Co- efficient 2b 

s, Let IIA za Ac. Sis b, which being ſquared, 
But | 2 bbb lis bb. . 

I+2 | 3]aa+:ba+bb=ac+bb Caſe 1. 

Wo 214] 44-b==y/ dc4-bb As before. 


— — — — — 
* 
=. * 


av of 


— 


[2 
i 
FS, 
*4 

f! 
7 Fs 
1 

i I 
Fi 


4 
i * 
1 -» 
* 4 
* 4 | 
1 
N 
v_ 
: \ 
T &4 : 
\ : 
- 4 
y * an 
* 27 
. 
1 = 4 
4 = 


— — — — — 


- — — 
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Again. 


Let]. 1 |ag—2ba=dc Caſe 2. 
But] 2 LD 
1+3] 31 a44—2ba+bb=dc+bb Sap 
z 21 4\a—b=y TI &c. As before. 


T5 
* TTY _— — 40 


But in Cafe 3. you muſt change the Signs of all the Term 4 
the AÆquation, | 
Thus 


+ 
Then 


. 1 
I 
2 


3 


2ba—aa=dc Caſe z. 
aa — 2b. — Ac 
aa —2bA -U AU Ac &c. 


th. 


_—_— — Rt" 5 IO On —_— — 


And this Aſer had of Compleating the Square, holds true ini 
other Æquatious. : Fa 


Viz. | 1 


For| 2 


aaaa4-2baa==dc Cale r. 
+ Nr“ As before. 
3 AN- 2b,eͥ -b Ac -U 
uv 2 4 aa C de | 
I Ja dE: —5 
a —ñññʒé᷑ô v F — — N 
= V bbb: —b And ſo on for the rel 
Or let 1 |a*þ2bana==dc As before, Caſe 1. 
And 2| | bb==bb 
iÞ2 | 3! a*4-2baaa-bb==ac+bb 
Iau 214| A N drÞ-bb 
4—b| 5| ana=y dcÞ+bb :; —b - 
uv 316 ay \ :y 4c N —b &c. 


— 


8 * 


r 


Corollary. 


Hence it's evident, that whatſoever Method is uſed in 1 
theſe (or indeed any other) ZEquations, the Reſult will ſ. ; 
the ſame, if the Work be true; as you may obſerve fro 
Operations of this Section: For both theſe Methods my 
ſed, give the ſame T heorems in their reſpective Caſes J 


Value of (a). mY 
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BL I EEE & 9 


hus, when aa42ba=4dc Then 


Theorem 1. 8 = Ve: —b 
And when a4—2ba=dc Then 


Theorem 2. Ar y ac4+bb 


Again, when 2ba—aa=dc Then 
Theorem 3%. a=b— U- Ac 


The /ike I Heorems may be eafily raiſed for the reſt. 


„ EG Ss 


If the known Co-efficients (of the Second or Loweſt Term) be 
Wy /ing/e Quantity, as au4-ba=adc, &c. Then is + b its Half, 

d zb will be the Square of that ZHaif: That is, ,? =. 
d then the Work will ſtand 


Thus, I I | aa-ba=4c 

1C Q| 2 Naa -A Ad- -U 
2 b 3 |a+3b=y ac+;00 
UA =: — 3b. And fo for the reſt. 


W 


* 
— 


Note, CO placed in the Margin againſt the Second Step, 
prifies that the imperfeft Square aa gba in the firſt Step, is 
here compleated, viz. in the ſecond Step. 

Now by the Help of theſe 7 heorems, it will be eaſy to Calcu- 
te or find the Value of the unknown Quantity, (a) in Numbers. 


r = Eo Ire bo tt ants 


Example 1, 
Suppoſe aa4-2ba=2. Let b =16. And 24644. 


Then age : —b per Theorem 1. 
But 2-þbb—=46444+2 56=4900 And / 490 
Conſequently 4=70—16, viz. 4254. 


W But every Aafected ZEquation, hath as many Roots (or rather 
We 4/165 of the unknoum Quantity) either Real or Imaginary, as 
re the Dimenſions (viz. the Index) of its higheſt Power ; and 
Wicrefore the Quantity a, in this Æquation, hath another Value 
cher Agirmatibe or Negative ; which may be thus found. 
The given Æquat ion is an4-324=4644, and its Root a=54. 


Let theſe two Mquatious be made Equal or Æquated to o, 
72, to Nothing. | 


Thus, 


200 es Algebza. Part 


Thus, . And a— 15 
Then Divide the given ZEquation by its firſt Root, and 
Quotient will ſhew the ſecond Value of a. f a 


Thus, 4—54=0) aa+324—4644=0 (4a4+86=0 
3 


486-4644 
8B64—4644 


(0) | 
Hence the Second Value of à is = — 86, Or 862 
which ſeems impoſſible, vig. that an Affirmative Quantity ſhal 
be Equal to a Negative Quantity; yet even by this Second Pai 
of a, and the ſame Co-eecrent, the true (or firſt) Equationn 
be formed. | 8 


Thus, Let|r |= —-85 Wert 
1 O 2|2|aa= +7396, viz. —86X—86= 7396 
IX 32|3] 324= —2752 | 

2 + 314laa+32a=4644 As at firſt, 


* 


— — 


1 P 1 
„ er 


Example 2. 


ure I! 44—74==948,75 Then yer Theorem 2. 
1 COA - Dαν . e a8, 75 = 61 

2 ub 23 4—2 (0 3550 = y/ 961=31 
3 351414==313, 553445 


Again, for the Second Value of 4, - 

Let ag — 74 — 948,75 = o. And 4 — 34,5 = 
Then, 2 — 34,5 =0) 48 — 74 — 9485 = O (a + 27,,-l 
Conſequently this ſecond Value is a= —2), 5 . 18 
which will form the Original Æquation, aa — 14== 948,11 
it be ordered as the laſt was. | a = 


Example 3. 


Suppoſe 364 — a = 243 Then per Theorem 3. 

= 18 — y/ 324—243 vis. half 36 ſquared is 324 &. 
That is, 4=15 — y/8z but y81= 9. | 

Therefore a= 18 — 9g= 9. Now this Third Form is call Lo 
an Ambiguous Aquation, becauſe it hath Teo Acer mut, J 
Values of the unknown Qudutiiy (a), both which may be tcu 
without ſuch Divifon as was uſed before. d 


FTE YL _— 
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11 


or in this Caſe, a= 184- 4/ $1, viz. 4=18 +9 = 25, 
1=18 —9g9=9, As before; And both theſe Values of a 
equally true, as to forming the given A9quarion ; 

364 — 4a = 243% For if @== 9, then aa = 8r, and 
= 324 ; but 324 — 81 = 243, therefore a == 9. 

Again, if a="27, then will aa == 129, and 364 = 992: 

But 972 — 729 = 243, conſequently it may be, 4 ==2 7: 

Tow either of theſe Values of 4 may be found b . 

hoſe were in the other Two Caſes, one of them being Firſt 


R ö 4 


d by the Theorem. 

hus, let 364—aa—243z0 And g—a=0 

hen H- o) 364-2432 (4—27=9 
94 - 4A | 


254— 024% 9 
27243 
-* a (0) | 
Wence, if 2—2 7 20 Then 4227 As Me. 
otwithſtanding all Quadratick ZEquations of this Third Form 
o Affirmative Roots, (as in this) yet but one of thoſe 
75 will give a true Afever to the Queſtion, and that is to be 


according to the Nature and Limits of the Queſtion, as 
be ſhewed further on. 


TIT. FE „„ la 


| * » Scholitunt: 

0 the Work of the Three laſt Examples, it may be ebſorved ; 

e Sum of both the Roots will always be Equal to the Co- 
ent of their reſpective Zquaiions, with a contrary Sign. 


n 


bus. In ws. I: aa 324246 44 
| ere = 54 
And = —86 ; Add 
1 a4 32 
EKramtle 2.  64—714==945,7 5 


Here a= 34, 444. 
And a==—27,5 A4 


a. ti... 


| TT 
the laſt Example 3644243 
was changed into aa 36 243 
| Here a= 9? 
in And a 4 Add 


U 


n 


24236 8 e 


19 D d Hence 


1 ä ͥv— — ä 
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Thus, 44-t-3 . And a— $480. 
Then Divide the given AEqnarion by its firſt Root, and th 
Quotient will pew the ſecond Value of a. ſt g the 


Thus, 4—54=0) aa+324—4644=0 (a4-86=0 
3 


+864—4644 
864—4644 


(0) | 

Hence the Secend Value of à is = — 86, Or 862 —4 

which ſeems :mpoſſible, v12. that an Afirmative Quantity ſhoull 

be Equal to a Negative Quantity; yet even by this Second Value 

of a, and the ſame Co-efacient, the true (or firſt) Equation may 
be formed. | | 


Thus, Let r [q= —87 5 
1 & 2]2|aa= +7396, viz. —86X—B86= +7396 
IX 3233202 —2752 | | 
2 + 314laaþ320=4644. As at firſt, 


— — ——_— — —_—_ — — 
"—_ 
— 


10 


Supe II aa = 48, ); Then fer Theorem 2. 
10 012 
2 ub 23 


23 (Or 3,5) N = 
Br T 3514 


a=3 15-3, 553445 


S _w_—_—_ * 


Again, for the Second Value of a, - l 

Let aa — 74 — 948,75 =o: And 4 — 34,5 =0 
Then, 2 — 34,5 =0) 44 — 74 — 948,75 = (4 ＋ 27,50 
Conſequently this ſecond Value is a= —2, 5 . : 
which will form the Original ZEquation, aa — 7a = 948,751 


it be ordered as the laſt was. 1 


Example 3. 


Suppoſe 364 — 4 = 243 Then er Theorem 3. 

= 18 — y/ 324—243 vis. half 36 ſquared is 324 &. 
That is, 2218 — Si but 81 = 9. | 

Therefore a= 18 — 9= 9. Now this Third Form is called 
an Ambiguous AEquation, becauſe it hath Tiro Afirmanuy 
Values of the unknown ©2uatity a), both which may be fcund 
without ſuch Diviffon as was uſed before. 10 | 


|, 
if 
* 


U 


n 


r 


— 
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For in this Caſe, a= 18 ＋ r, viz. 4=18 + 9 = 29, 
Or, a= 18 —9 9, As before; And both theſe Values of a 
are equally true, as to forming the given ÆAagquation; 
Viz. 364 — 4a = 243. For if a=9, then aa =Br, and 
36 = 324 3 but 324 — 81 = 243, therefore a == 9. 
Again, if à = 2), then will aa = 429, and 364 = 992: 
But 972 — 729 = 243, conſequently it may be, 4 == 27: 
Now either of theſe Values of 4 may be found b — 
s thoſe were in the other Two Caſes, one of them being Firſt 
fund by the T Heorem. 

Thus, let 364—ag—243z0 And g—a=0 
WW Then 9—a=0) 364—aa—2435=0 (4—27==9 
| ga- aa | 


— 


2) 4— 024% 3 
2) 363 

(0) (0) 
Hence, if —279zz0 Then a=25 As before: _ 
Notwithſtanding all „ togf Zquations of this Third Form 
ure To Affirmative Roots, (as in this) yet but one of thoſe 
Roots will give a true Anſever to the Queſtion, and that is to be 
hyſen according to the Nature and Limits of the Queſtion, as 
tall be ſhewed further on. 


Scholitum: 
From the Mork of the Three laſt Examples, it may be cl ſerved; 
a the Sum of both the Roots will always be Equal to the Co- 
jaent of their reſpective Æquat ions, with a contrary S!gn: 


Thus. In Example 1. aa4-324=4644 


= 0 Here 4=- 54 
=0 And a=—86 $Add 
51 aa = —32 

| ln Exanfle ; 4⁴— 14=945,75 


Here a=z 34, 4144 
And a==—27,5 A4 


: 24=b+7 

i the laſt Example 3064 — 44.2243 

den was changed into aa 368 243 
Here a= 9? j 
And a7 Add 


2423 


lech 
1s. 
zung 


1 6 3 4 . 5 5 
} off D d Hence 


DDr 
=_ » : — —— N 


2 — — — 
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( 


Hence it's evident, that if either of the Roots be found, the 
other may be eaſi/y had without Diviſion. 

If the Contents of this Section be well underſtood, it will 
eaſy to give a Numerical Solution to any Quadratick AEquatin 
that happens to ariſe in Reſolving of Queſtions, &c. And asf 
giving a Geometricai Conſtrufticn of them, I think it not prope 
in this Place; becauſe I here ſuppoſe the Learner wholly igne 


gn 
rant of the firſt Principles of Geometry, therefore I ſhall refe 
that Work to the next Part. - 


— 


py OY 


— 


CH AP. IX. 


Of Analpſis, or the Lare of Reſolving Pꝛoblems; Exen 
tlified by Variety of Numerical Queſtions. 


N. B. Here I adviſe the Learner to make nſe always of ! 
ſame Letters, to repreſent the ſame Data in ali Queſtions, 


3 If a repreſent any Number ; : 
Gan Land e repreſent a leſ Number or other Rv aniny, 


Ae Their Sum. 
ae Their Difference. 
ae=þ Their Predutt. 

Then let . The: 
; — = t . 
: = eir Quotient 


aa ee The Sum of their Squares. 
La4—ee=rx The Difference of their S7uares. 


— — 


Any Teo of theſe ſix (s, d, p, 3, 2, x) being given, thence 
find the Reſt; which admits of Fifteen Variations, or Queſi 


Queſtion 1. Suppoſe 5 and 4 were given, and it were requ 
by them to find 4. . J. S. and x. 


I] a+c==5 $=240 
Let 1% Let and ſuppeſe N 5242 Then 
I + 2|;1 2a=5+4=432 


3 * 1 Here 4i found 


2 
1 — 21 52e 28. 


. a 


| 
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—4 f 
1 2 * 224 Here E 18 found. 


844 


912 1 


E 


. —. 


48 219 2466 58. 


6G 2 28 ce 2 . =576 


ro 


— —— —ͤʒ —— — 


— = = =J=9 Here 7 is found. 


3 — —— 


4x61 7 60 =—— 5184 Here p is found. 


4 e =2=47232 2 found. 
12 4e e 46080 x found. 


lat is, TB 114 Te. a 

3 aad-2ae+ ees5=57600 
1 + 44e=4f= 20736 
3—4\ 5! aa—2a6-ec=55—4p==36864 
5w2| 6|.—t= y/ SS—4.þ==A==1 92 
1+6| 7] 2a=5+ y/ $S—4Pp 


1—6[.9 e 
1 FR = HI 


cM 9= 2110 a Hence e=2 4. 
flit | 
a S$+y/ $S—4p 
0 8 1 11 = =), 
ql | 8 $—=y $—4p 
98021012 3 1 7 
| 13 
00 2013 8 | 
2 


— - * "_ 
— * b. Sd - 


P dba 


— 


* 81a — DAY om LE Hence a 216 


I2+13 | I 4 aa ce —2 =2==47232 
ITZ IIS a4—ee==s y/ 55—4f=x==46080 
0 — —— — N 


Queſtion 2. Ter s and be given; 8 find the Reſt. 


2 ae 5184 Quere 4. 6. d. J. . æ. 


2— — 0 


Queſtion 


"—Algeba. e 


Nueſtjon 3. Suppoſe s and q are given. To find the Rep, 


48 8 N 40 
pied "7 ap 7.5 1 4, . 2. we 


10 + II ſu I2| an + com MES, => 


Rn THe — 


W 


Quelkion 4. Let 5 and s be given; To find the Reft 


1. | : —— J. . 4 2.44 


a Cee. 247232 5 


. — 
I @& 21 3a 24 ε ec s 
3 — 2] Z= 8. 
2 — 4 5] 4&—24eHee==22—55 l 
5 w 21 CL D A 
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1+ 6] NN 
77 2 8 a= y 205 . 

1— 6] 9]26=5— 72 2 4 1 
97 2 10 — — _— 7 5 


The Reſt are found juſt as inthe 2d Queſtion thE$ and 10 
s here, being the very ſame with the and 10 Steps there. 


\ 


Queffon 5. When 5 and & are given; To find the Reſt; 


„FI 1]4Þ$e=s= 240 | | 
Tie, J x . 4. . d. p. 4. 2. 
12 1 3 es viz, ae) aa ee (4—0 

| Tears | 
* 
i+3 T3 KF ——_— 
4 
422 13222 
23 
1— 31 6 "PEP EAR... * 
; S s 
5+ 5] rh = 
|. 3 
45s 
2 245 
* 255x 2 
F $T—255x4-xx 
1 45 
| Xx 
are If = 
2 


WY... 17 hi; ey 
A Weben. Part l 


Nueltion 6. Suppoſe 4 and P are giver 5 To find the Ret 


Vie. 3 | 


102 


2 4 


3 ＋4 
el 


122 
1 
6— 11 


922711 


5 
| 
* 
. 
8&2 


10 & 2 


| 2 
12713 I4| aa ee Ad- z p 
3 15 — — 


1 


111 


12 


8 


a—e=4= 192 


-e Le 
4e 45 
aa ＋-2A² * 


5 2 
ee= ai t:p—dy dd +4þ 


2 * 0 
5+ 


Nueſtion 7. Let and 4 be given; To find the 72 


2 7 


. 2 


2 gar For /—1 Xe==70—e- 
4 gd 


11-—1I2|14 
| 


ee — 


94—244+1 


aa ＋ ee = 9444 4d _ =5Z 


—ů — —— 


Queſtion 8. Suppoſe d and 2 given; To find the Reſt. 


Vie J (| 


$X10 


80-2 I2] 24 = =— 


IO0G-2 
12—13 


8210 


Bo 


| 


4 — == 4 = 


— * 
aa—2ae4-ec=ad 
24c=2—d44 
aa4-2ae+ae=22—d4 
a -e = NV 22—dd=s 
 24==4d-y/ 22z—dd 
4+ tz —dd 


[7 Ann — — — — 


2 

26 = 22— 4d: —4 

= VA : —d 
— 2 


2-4 


| 


14 


ws. 


13 


2 wn 
E ES 


2 
= 2—ay 1z—d4 
8580 2 


ag—eed Vi- dd v 


[- 


— —— — 


a+ y 2z—dd _ 


„ 


7 


192 N 7 X 
5 4. e. 5. 5. 7. 


DO EE 


n. 


— 
2— 


— 


— 


—— A——— — — _ LT - > 
— 4 "IF = - - * - 
— — — 
— - 
L o 
* . Dc af J 
2” — 


— 


> — — 


— P LCA C ˙ — - Cr—_ Fo 5 A * - 4 = = pr 
— 7 2 — - —_ - _—_— =P 2 $5 = . m4 
Py - _— —U — 2252 2 ” h - 9 - — - — — — — — - - 
12 * =— 45S 1 p e 
122 . 2 * . K — 5 
— 1 POR - . . _ b. 5 4 
G EY * : 


_— — 
a 4- 


- * * — * 
- — : +" ad 1 pay 
a = — a * 4 * 
— —_ = « 222 
. . _ 4 — * 
— — — — bs - + 30 
— 


— — — — — 
3 — 2E 
2 . == 


: — j — — E rr 
ö ©» Ip rn Ke rao 7 
. . * — — ” 4a - 
: G- wal ro . 
975. 


* 
_ 
Sz 
* 
x 
Fl 
vs 
{ 
[1 
4 
0 
I 
* 
id 
{ 
9 
4 
0 
4 
* 
” 
C 
* 
1 
4 
1 * 
0 
N 
2 
1 
1 * 
= 
1 % F 
„ 
, i! 
7 * 
* 1 
. p 
* n 
#* 
1 
k4 * 
a [i N 5 
11 
11 
14 
di, 
\ * 
FT My 
x” * 
* 4 i! 
. 1 
ab; 
* 1 


on 
* 
0 
o 
- 

o 
5 
0 

1 
1 
* 
' 
0 
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Nueffion 9. Zet d and x be given; To find the Reſt, 


5 


| 
4 


3 


6e 


- 


a —e= i= 240 
aa—ee==x==46080 


TQuere 4. .. 


— — — —— 
— — 
- 


3 fe = =. viz, -e) aa ec (a He 


"ow Io. Let þ andg be given; To find the Ref. 


* 


| 


Ijae=f=5194 


5 1 For — x 
1 
3 W2 44 Vg 
1 5 £2 £) 
- 66 = — For — 
q I 
WP 7 
Jduz f- Ge = V= 
mg. 
ee 


a 
2| = =5=9 a 4. . d. S. x. 


- 
——C cd + 4 ä —— AM 
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oJ e g + Z 
— 2 
ry, 
325 10 ab- = 


0 * 4 
a _— - 
* \ a tht »s * — 5 A£&42 . — 2 1 — —<*\ 
9 — 8 
a 


Queſtion 11. Let 7 at's be given To find the Reſt, 


1. L — IN e. &c. 


| 2 | 44--22=2==4 72.32 


I X 2 3 246 
2451 4 1 
4% 2 YAL =I S 
2—3] 6|ag—24ebee=z—2p _ 
bun z Ile / z42p=4-___ 
57] 8 x Sa Z=—=2p- 
8-3] ola — 
5—7110 ry DPI ny 
8 MIC: nn £5 
* 2 
FT N — 
DD 
010 . . 
10 1 . 
| 2 | 
— 25 aa ee / 22 —app=x 


Queſtion 12. Ter þ and x be given; To find the Re. 


Ds aep=3184 ? &. 
1 2 — £0 * 5.0. &c. 


— ͥ——ͤ—ũ — 
— — 


10 2 3 anee nnee=pp 


Ee 


— tots 
* - 0 * — 


— 
= 
2 —_ 
a - — . — 
— 
. a. 
. 4 = 
a 1 
o 
— 
— £ — 


202 4e adaee-ecee | 


_ ah. = WY 


3*4| 5 aagee A 
4&+5 = E aaaa- Naga e- ECetce x -A 
6w21 7 1 xx+-gpp==2 
2+7 | 5] 24a=x+y/ xx4-4pp 
— | | 
i 972 — 27 
gu 2 10 2 XL xT+y — 


72111 2 ET — 
3 2 4 
FEM — 5 

„ —— > a 
12 2 13 4 — 


— 
1o 3 14 3 Yet 
neat ba * — 223 5 — 
9 ＋· 2116 — 


— — — — —e — — — 
* 


Queſtion 13. Having 9 and & given z To find the Ref. 


i 


| 4 | 
1 Cn a. e. &c. 
2 — $ 


+100} — | ENeR 

30 2 4|a4—qqee 

2— 4 516 22 — e e 
4 ＋ nee! 6 e a 


3 * 171 7 ſee 77 For 4441 xe. de Tins 


* e — 
— 
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6 M— 344 3 
Ag 8 | a= f x7 = | | 
2 cps: or ; 
2|10]e= + 
2 ˙· OI 
on. ren os 1 = 
1 F * 
Nn 13 aezy . =þ 
8—7 [14 Al—ec= = =Xx 


Queſtion x4. When 4 and x are given ; To find the Reſt, 


4 . 
| FE |] — === 
2 * Quere a. e. Kc. 
- — 2 
1 Xe 3 a==qe 
3&-2] 4|1a=9gee 
Tee] 51 an=xee 
4, 51 6 gqee==x ee 
6—ee| 7 |qqee—eemx 
7794—1 6 
* 2 
2+8] 9;04=x = 
| T 2 71 
gub 2 | — 
211042 — = 
77 — 1 Y 
ou 12 333 — F pr = 5. 


22 


E e 2 10—11 


— — — 
— —— = 
*- & 

Fl. 


| 
li } F 
D 
3 
i * 
998 
11 
" 
N ! 
". 
| 
i 
ö 0 


n —— 3 


3 — —ͤ— . ̃ (Ü Pez 
a 7 * 2 - r 2 2 8 —_ *. 7 
552 4 rx — 


— — 
— — 
— — 


10- Part i 


2 — — — 


to c 11 14| aezy = 
| | 9199294471 
8+9 * aa ce — 22 


—— * — .u_._ 


— c——_. 
K — 


Queſfion 1 5. When 2 and are given 3 To find the Ref. 


2 | 6&4—2C=x==46080 


— — — — 


1ÞF2| 3) z² Y 
"= aa= . 


1—2 2 
ü 2 5 S— 
572 1 
a I 
suv 8 = — 
Fs wy 5 
SI E= 
— Poor 2. 
78110 ae == . 
2 2 — 
7X8 11142. => * 
F 
145] „ *= 1, 
„ Y2—x 


a | T2 *1 
Theie Fifreen Queſtions are propoſed in Dr. Pell's Algebrd 
bur he par ſues only the firſt Duéſtion throughout, and Þrei 
Off in the other Fourrcen, after the Values of what I cal 


and e are found. But 1 have proceeded in every Ons of tber 
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gad the Values of all the emknown Onantities, becauſe they 
rd ſuch 4 as being well ob ſe ved by a Learner, wi 
found very uſeful in the Solution of moſt Queſt ions. 
Note, I have choſe to uſe the ſame Numbers tor the reſpective 
ue of each Quantity throughout all the Pueſtions; becauſe 
bey will be more Sarisfattory in proving the Work than various 
bers would have been. Not but that many Numbers may 
taken at Pleaſure, provided that the n by 
be Greater khan that by e, &c. I have omitted the Nume- 
ical Calculations purely for the Learner to practice on. 


— "I 


Aeffion 16. There are Two Numbers, the Sum of their 
ares is 2368; And the Greater of them is in Proportion to 
i: Les, As 6 To 1. What are theſe Numbers? 
Let a=the Greater Number, e=the Leſſer, and 2z=2 368. 
Then | 1 | aaJ-ec==2 7 e FS 
And} 2 7 By the Queſtion. 
d--v1:4 14=6e ug FO PO : 
Sz 414a=36ee 
— 5 | £@=2—36e6 | 
T3622) 6] 37e g 
6737 7]ee= ONT F | ; | 
Z 1 If a==48 5 | 
me 8 = — Aud 8 8 5 
| 7 Proof aaa 
* 2 ee 64 . 
8x 9|6e=6y = = 4 * ; 4 
5, 9110 [Ag A8 Au 48:8: 6: 1 'l 


Qeſkion 17. There are Three Numbers in Continued Pro- 
Mion, the Sum of the Extreams is 156, and the Mean is 72 ; 
at are the Two Extreams ? | 


That is, Suppoſe a.m.ein= and m 7 I. 
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: 
, 
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- 
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: \ 
b b 
* 1 ol 
\ , 
1 * 
[0 
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: 
[| 
| 4 
| = 
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$1 4 
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$1 4 * 
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$i 4 
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#5 \ 
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=! { ”F 
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ö 
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. 

1 l \ 

. 

* 4 *' 2 

N E 

72; Bs 
' 5 9 \ 

. 1 K 
OY. 
4:8 
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Ne 

, 1 

„* 9 : 
15 / l 
bh 1 , 

= | 1 
** 

4 . 

. U { 
13 
1 | 
”_, 
: 

» 144" 

+ * 

EASY 

. \ 

' | * 

| i 

5 v5 
CRE 
WT 1 
1 
* &F 
1 
* : 4 o 
1 if vo 
* 
"ae 
1 
1 
1 
** T. 
In 
= 
” * 
. 4 
| , 
= 
n 
N yn 
1 1 
* 
by 
N I % C 
i ** 1 
4 . \ _ 
i= 4 
4 70 1 
"Ss / N 
x "TH 
. N 
* 3 \ 
s f F 
* 
5 1 51 
= 11 4 7 
4 . ? : 
* + p * 
4 N 8 
N v4 
. | 7 
: do 
* 
ö 
1 
| o 


798 Then 1 . | aFe=5=1 567 By the Queſtion. 
* | 1 Quere 4. e. Kc. 
5 ze uin 
| 2. 4 aa H 246-eemzss 

3x4] 514 4a 


4—5 


274 


4 
Vp. 39 45 0 
x " %# * # SS 


_—_ m * 
- Ex oy 
A. O , ot „ 
| | | þ | | Al eb a p . ; g ' 
"WS... 
* . * 
— 0 — — — „ — 


G aa - ας t . %, = - 


— — 


e 7 a—e=y/ aun 
* 2 SC. 
-= a [ EV. 2 \ waa ” 
Er r NT, 
. N — 8 | * 8 = 3 
al” SVS nn 04 | 
. 4 We | — 48. e=108 5 


0 
* 


Numbers ? 


"a 
Then 


5&2 


8 and 9110 


104 


IN nantes Ian 09 "RT 
Queſfion 18. There are Three Numbers in = their Sun 
74, and the Sum of their Squares is 1924; What are th 


That is, a, e, y are in = 


| 


11314-py==s5—e=50 


115 | 


a ah 
„ 
* * 


* 


ee „i 
2 aa Tee- 1924 
3a: e:: e: 9 
E 
a ＋ Ye 
aa. C-VYDA— ee 
23 = nee 
aad-2a54+yy=2 ee 
an4-2a5-13=s—25eÞee 
2Þ-ee==s5—256bee 
256=$F—B 
$S—S 

224 


—_—_— 


* 
. N 


Quere 4, e, y. ö 


oO M 


11 


12 42 
| 25 


14] A e + yy=2 500 
a —a00==2 304 
I6] 40—249 + = 196 
IT] 4—J=y 196==14 
15] 24=50 + 14=64 
19] d=32 


20| j=50—32=18 & 


Note, In all Queſtions about Continua Proportionals, leit 
Arithmetical or Geometrical) where Three Terms are 10g 
the Mean is Eaſieſt found firſt (as above ; ) and if all the 7e 
be Afirmative, t | 

be the Greareſt, 


_ — Oy" c n 
—— 


> 25 


en 'tis Equal whether the Firſt, or Laſs 
| * 
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Queſfion 19. There are Three N acces] in = rn dam is 
; and if the Sum of the Extreams be Multiplied into the 
can, that Product will be 1248; What are thoſe Numbers? 


[| I[4:e::e:9 | 
Lis. 5 2 Fe y=5=76 * the Queſtion. 
3 1 245) 

| 

1 214 ay==ee 

I * „ ac recrye se 

52] eee | 
6—5e 7lee— e 2 
70018 ee—Ser-; 455 2 —5 , 


$w2 9] e—$SS= y — Pp | | 
$14 5 C52. Per Theorem z. 
73110 2 v/ $55—P gSS—p= 2 24. _ Chap. 8. 5 


—10 x1 ad-y=52 
4x4 1212 44542304 
116: | 151 4&-b245FI) =2704. 
13—12 | 1, [44245 +JJ 400 
+ way by a—y=+/ 400=20 
1115 6122252. 20 =72 _ 
6 2 1 3 a=36 FOr a=16 
1117 | 18 | 52 —36=16. $ and y = 36 


N. B. If you take em35+4/ 5—þp= 52 (at the roth 
7 Then it will be 6 — 52 =.24 =4 -, Which is 


ſible, viz. that the Mean ſhould be Greater than the Sum 
e 1200 Extreams. 


ſherefore it muſt be e- 55—F=24. ( See Page 2 201. 


————— 


ueſtion 20. There are Three Numbers in Arithmetical 
neſſion, the Firſt being Added to Twice the Second, and 
. times the Third, their Sum will be 62; ; and the Sum of 
ir Squares is 275 3 What are thoſe Numbers ? 
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I a e, y in Arithmetical Progreſſi Fon. | 
l 146 . $by the Queſtio of 
n. * 
314 EE 2275 4 on | ; i 
+ 249. Fer Sect Is Chap. 6. 4 
5 bagel 1 Ft, . 
6| ep j==31—e | 
7 [/==31—2e 
17 8 42 44—3 
882 


—4 


— n 
>} ag Ge- 248-96 t 
2TH DI ze 4e 
| 11 | aa+yy=20ee—392641925 
12| ec=3726—200e—1647 
I 3 | 2106==3726-—1647. 
I4| 2128&—3726== —1I647 
. 
2 ame $5 — 
16 e2e— 7 n 5 = 
17e % Vr The Mean 
18 e=*Z+3=9 Or 85 ER 
— 6 
19] 40=36 Or *3* 


| | 4 | . 
| I8X2 |21|2e—=18 Or 175 | 
7, 21[22[9=31—18=13 Or 31—174=134 


= 
hh — 
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Nueſfion 21. There are Three Numbers in Arithmet 
Progreſſion; the Square of the Firſt Term being Added ta tl 
Product of the other 'T'wo is 576; the Square of the Mean bei 
Added to the Product of the Two Extreams, makes 612; a 

the Square of the laſt Term being Added to the Product oft 
firſt into the ſecond, is 792 : What are thoſe Numbers ? 


Suppole | 14, e, y In Arith. Pregreſ. As before 
C| 2 e 76? FRED 
Then) 3 ee He By the Queſtion. 
| 4igyac=7g2 WE If * 
1 „ 5}4d-y=2e Per Sect. 1. Chaß. 6. 
5 xe Glace zee | & gf 


2+ AI 7! aad-ye+ yy -bha=r36s 
7— 61 8 aa H＋αe=368 —2 
Ya f- 
| 10 2Ya==1224—2CC | 5 
8+ 10111 [a4+24094-yf=2592— 42 
5 Gaza Ia TUN ee 
11, 1213 4e 592 4e 
1344 144 See==2 592 
15 £02524 
I5w2|[16[e=y ;3:4z=18 The Mean 
8, [171 ag4-ry==1368—280=720 
10,18 2Va==1 224—280==576 
17—18$] Ig | a0—25%-þvj=729—576==144 


„ 


Of Numerical Queſtions. 


13 — —— „ 


1 u 21 20 4—y= Fan | Th 
5 + 20|21| 24=264-12==42 | » 
21 + 2 [22 424 Fa=12 
5— as. 23 e Foe eee 29922824 5 
Queſfion 22. Tis required to find Two ſuch Numbers, that 


e Sum of their Squares may be 82262; 


and their "Proquict being 


{ded ro the Square of the Leſſer, may be 69214. | 1 


Vie. J b 


3 
EI 
5 


2 


4*—261044--1703025 


z Quere à and e 5 
aed-ee=69215 Qu | — 


1 


ad Tees 82262 


3 - 


aa—Aae=2305 
ae==aa—1505 
aa—1305 
2 
_ &—2610a4+1703025 
aa 
ec=8226,5—44 


ACZZ 


==8226,5—48 


aa 
a *—261044]-170302 5==$226,5 aa - 
24 ,—26104a-FI703025= 228226, 5 04 
24— 10836, 544=—1 703025 
4.— 5418, S4 4e 8515125, 5 (765 
a —5418,2 5944-7 3393 58,26 56226487845 
= y/ 6487845,765625—2547 
F (125 
TC 
5256, 2522, 8 
Us 305 We 5256, ze 0 
2 T2, 5 
A= 2709, 125 —2 547,125 816 
* &c. 


. Which is iin poſit ole, 


12,72 


a4=72,5 
2555 . at the 17th and 1$th St: Ps. 


» 


This Qreſtion may be perform” dw wich leſs Trouble, dy Subſt 

ung Letters for the known Numbers. 

Neg] 
ge- Tec 


5 Then let Ae Ke. 


1 — Mueſkian 


1 * 
_ 


” 
— — 


— 
* * ͤU— — — — — — 


——— wu. <= CINE 


+: 
f I 
U 
, 1 
4 
114 > 
| o 3 
Bz 
| - * 
. * 
% 


TS 


* — — 
1 1 


2 
DS — —— — —— - $--- 
E — = 
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Nueſfion 23 It] is nila to find Three ach Nurhbers, thy 
the Sum of he F irſt and Second, being Multiplied with the Phir 


may be 37824; and the Sum of the Second and Third » Multipli 


with the Firſt, may be 59944; alfo, that the Sum of the Firſt an 
"Owns being Multiptied with the Second, may be 52456. 


Let 4, e, y repreſent the Three Numbers. 
na] |; 1&T < 25965 =b 
= 59944 =C es 85 + 


be = 52456 —P 4 


rþ+2+3] 4 ae PANT Le 
Let| ce 
4271 5 ac Tay Ec = = U +44 
1 2 
6 — 3 7 ay=32—4 
7 — A . —24 
1 8 
6 — 21 9 ye = 2— | 
Cum 2 8 gera- 
| 2 
= 8 
o Zalrile 
5 24 
8 * 11112 1 — 2 _ 2 - 2 -A 
K OY tonne angina 
> | 444 


13 14| 25:6@—4can=22—242—:02-4b4 
10 4 | 15 R 55696 
| 2.23— AC A 
15 u 2 I16]a=y/ 55696=246 
| 2$—20 
C= 
24 


—— 
=96 


11117 — 138 


8, 18 


5 


204 


" Queſtion 24. *Tis required 1 to find Two of och Number, i 
their Sum being ſubſtracted from the Sum of their Squares, 


Leave 14 And if their Produẽt be Added to their Sum, it u 
make 14. 
Let 4 and e be put for the Numbers, and let bike 


TL -In he e. 


| hap. 9. | 


149 


Cav 2 


9&2] 


1100 
I24uZ |! 


ſequent | 


3, 14 
j, 15 


2 
” 
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3 aa ee IA＋y 

4 AC=I4,—) 

5| 24 e 28-9 

6, an- ze. Cee g42— 
„re NY 42—y | 
8| a-re=y By Subſtitution above. 
1: nar 
r 

11 A 

12 0 N zA 42, 25 


13 CV,; 


14 y=6, 52 

15 [aeg By Reſtitution from above. 
16A e A 20 

171 24⁴ n = 28 — 128816 


„— . 
- 


16—17 18 [aa — 24e + ee= 4 
18 ww 2] 19 |4—e=y 4=2 


| 154-191 20 24=8 


237 2|21} a=4 Proof 
I5—2I| 22} 62:6—4==2 


If a=4 And e 22 
Then aa ee —a —e= 14: 
And ae+a+e=14 
According to the Queſtion. 


— 
2 


Aueſfion 2 5. Three Men diſcourſing of their Money, faith the 
, if 100 J. were Added to my Money, it would be as much 
both your Money put together; ſaid the ſecond Man, if 1007. 
ere Added to my Money, I ſhould have Twice as much as both 
ou have; ſaith the Third Man, if 100 J. were Added to my 
loney, I ſhould have then three times as much Money as both 
uw have: How much Money had each Man? 


55 a repreſent the Firſt Man's Money, e the Second, and y 
ef] bird. | 


ATL AN 2 i 

ba 2 — IOO 2A 2 | by the Lueſtion. | 
1 ; _ | | 
tg=—&j 41: 8 . -A OO s al 
br 5| 24 +29y—e=1c0=s pQuere 4, ©, Y, 1 

39 za - 3e — Los 5 ö 


6 
I 
| 8 2 AA ne 
9124— 25 44—2 
T4i—2e N on 

4-6 | 11] 244+40=25=2004 WEN 
* : F f 2 


2 


= 


o X 


* 
a a: 
* 
* 
0 
. 
9 
* 
: 
+ | 
j 6 * 
fl 
„ 
1 
: + = 
N ſ 1. 
' * © N 
1 — 
1 
P * 
: 1 = 
1 * 
- = 
_ l 
- \ 
F * 
" A 
_ 1 
4 * 
; ' 
I” 4 | Wal 
, 2 0 4 
Spd 
| £ + 4 \ 
| ' 1 
' ® 
l * 
ire 
N 
Et q 
= 
4 14 
8 TY l 
: 4 . 0 n 
y 7 1 i 
5 Wh - 11 * 
v7 * 
ö =” 
4 „ * 
11 4 
— by 
1 . 
: 1 — 
+» 1 "1 
117 
f U 
[1 p C0 
5 
' * 
| hy . 
17 
1 
1 * ay 
1 L t 
1, ESR 
WH 
"mT 2 10 
q 
F 
* 1 
' o N o 
MET = 
1 " 
N ö A . 
4 714 
j Z 
N [ - ' 
i " 1 Ss 
5 N 2 ” TY 5 
o { . 
1 : * 
1 
1 „ 
=_ 
44 
| x : + 
1 4 , \ 
U 
. FF ? 
: ' bY 1 
p \ 
4. 
1 „ 1 . 
N » 36 " # 
; q | 
: * ot * 
9 
; * 
, * 1 - 
j 4 
| 10 G 
* 
CT > - 
* 2 = 
$5 i 
4. . 
' o 
: 4 þ 9 
) 8 
SY 

/ 4 - 

y 

We 2 o 

ak 
' J J U 
* ; vas 
N 1 
iM « 
qo Þ 
* y 0 
| | ö 
. FS} 4 
2 ' 
4 1» N 
\ n _ 
" ih 
"ad "7 
: ae \ 
: = _ 
3 
| 10 1a 
: * * | 
* « 
i 19 
ö = = 
#' 8 * 
0 1 g 
oy & 
i + l 
+ ' t 
1 1 
N WS  þ. 
n 19'S. Þ 8 
„ £2. 
4 v 9 

: "= ** FP 
© US | 
" = + 
6h N i 
Y . N 

| | , - I 

Wt” Y: 

' 1 11 

. | * o! Ln 
177 : U 
Fi ö | 
, bt: þ 1 
"=" * 
* 4 * 
; j \ 
* 5 
+, 0 8 
1 1 , 
* 3 i4 
, * T 
7 
1 4 ® + 
Fo 4 ® | 
Fi " 'S. 1 
4 — 
| * 4 Y =_ 
b. ks: 9 
1 7 "| 
* 18 
* . - 

; * * 

, 1 = l 41 
1 1 
in. 

o p G 

toc * y 

U 

+ 9 2 

71% LSE 
} 
. 
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— 
IOX 4 [12:{244+4*=45=400 
I2—IT[13| 224 25=200 


| _ k) 
13 7222 14 — — 21 93+ /. 


II 1 

600529 = 1 ( 

JO0—64| 15 |ez—6az=100— Fr=45x + | 
as 3 200 Tos m__  -. 7 | 
1+ 2 | 16] j=2ahe="224 292220 54.7 l. 


Firſt 91. 18. 9 14 
Anſater. They Second ꝙ Man had 12 J. 95S. Tra. 
T bird 631. 125. 877d. 


© Nueffion 25. Three Men have each ſuch a Sum of Mone 
that if the Firſt and Second Mens Money be Added to half 0 
what the Third Man hath ; that Sum will be 92 Z. And if thi 
Second and Third Mens Money be Added to one third Part 0 
the Firſt Man's Money, that Gong will be 92 /. Laſtly, if on 
fourth part of the ſecond Man's Money be Added to the E 
and 'Third Mens . that Sum will alſo be 92 /. How mucl 
was each *Man's Money ? 


Put # forthe Iſt Man's Money, e * the 24% and for the : 55 


e A= 
Then | 2 r C y=s = By the Oreſtion. And 59: 
a} 5 4 ==; 
Ps. „ Mi . abeLig=? aces 
4—ej Se 
J X TX G- 
n by ee 
Sr zs 
3— 7| 9 |< aw PRI ons | 
| . , — 
10 3e I 
3 XK 4j12je+ 33 
12 — 3 775 27 
I's, 7 4 eh 
14 X 7 [15; H14+124:=95=825 
3 $ 
13 * 23 6 =—="5; =36 7. The I {7 Man's Money. | 
3 : 
| $S—52 D 
11 117 75 =" 18232 l. The 24 Man's Money: þ 
3 
3 4 
13 1 6 F The 3d Man's 777 
5 3 Mp 


** 1 * 
the. Ad * Y —ü— dA __—— 4 . be 
q : ; | 


—_Y 
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Nucffion 27. Four Men walking abroad, found a Purſe of 
killings only, out of which every one took a Number at an Ad- 
nture ; afterwards by comparing their Numbers together they 
und; that if the Firſt took 25 Shillings from the Second, it 
old make his Number equal with what the Second had then 
& If the Second'took 30 Shillings from the Third, his Money 
ould then be Triple to what the Third had left. And if the 
ird took 40 Shillings from the Fourth, his Money would then 
Double to what the, Fourth had left. Laſtly, the Fourth ta- 
ng 50 Shillings from the Firſt, he would then have three times 
much as the Firſt had Left, and 5 Shillings more. 

Tis required to tell how many Shillings each Man had. Put 
for the Firſt Sum, e the Second, y the Third, and u the 
wurth. | | 


| ad-25=8e — 25 

M30 =31— 20 na. , 

40 =2— 80 By the Queſtion. 
UF 50=34—145) | 


» _ OT - 


I 

2 

3 

+ — 
1 
6 

7 

8 


IZY—1I20==e 

+ 50==3y—120 | : 
then | | | 
— A1 | 

8 73 92 5 
3—40| 10 S211 —120 


9 10 1112—120 47-170 


Ir 'F 
— ' 4-170 
you 12011212717 — 1 20= 


IJ 
1 ＋ 7 13 * = — 
8 8s 
ng 5a, 144 = 34—195 
44530 
6 
184—11 7 A 530 
I74=21700 
=ic0 The 1ſt 
e=150 24 


I $0 - 24 Man's Number of Shillings. 
US=105 ath 


13, 14 15134—195 


| 


1716 
164 17 
177 5118 
by the 5 I9 
the 91 20 
by the 14 21 


_—— — 
— 


Nuefſfion 


—— = * _ = a be a * - — 2 3 — ES BT... - — 6 
CCC CCS SE IR — = — _ — — — — — © — — > — — — — —  — — — — == _ a . * __ * 4 _ 
A — — N a 1 a n 5 — 2 X — 
—_ — 222 L "i ; x — ED ye je = 2 2 * E * 2 * 3 22 Pm >. * 22 F ” 9 — 3 - — AY ws Lg a * 
1 2 GT 29. I” CIs * 3 * >», a or 8 — I. — 4 . 2. - : e : — — — . — : * — — — 
1 A 4 7 2 C o — — 5 w 2 8 2 — f 5 . - * — — of 
> _— 2 — | A. . We, — g OT Iv — A . — 795 —— 2 LT — >. — . - = — — — . _— 
x K _ + _ > «= < s*— , — 
0 —— 5 7 "4 Py * hd) . © _ 2 - W 1 2 IF Saw * — by 4 = = bo 
- "0; — 4 * SSC , 8 = 22 = SIG : —— 
> a> z 057 Eh *».*" . * - * 
: 


— Ll 
* 2 2 - — 
2 2 70 
* As N I 2 
— a x - —_ 2 = _ 
—  - - . 8 


— „% — 


— — 
222 


. 


— TGA 


Patt i 


— — 


1 Queſfim 28, Four Men have each à Sum of Money, whid 
being put all together makes 2 50 Pounds. And if to the H 
Man's. Money be added 8 Pounds; it will be juſt as much as th8# 


ſecond Man's Money decreaſed by 8 Pounds, and 


c 
U 
as much as WF 
A 
U 


times the third Man's Money, and but as much as one eigh 
part of the fourth Man's Money; How much had each Man 


iT, Fl Let a, e, y, u repreſent the Four Mens Money. 


1 CE- CA) cby the Queſtion. Let 182 
Then | e- Land 288. Or any othe 
ba Number ar Pleaſure, 
1 ö « ee : 
2+b 4 1 
3 1 25 Becauſe yb=a+b. 
= OE: 
3 xb — rer q t 
A456 7 e434 u=a4-2b+ £ 5 4 +ba+bb | 
x — &\ 8 STR * 0 
„ 81 gjab:b+ I 46a +hb=5—s 
9 K bl io | ba4-2bb4-a+14-bbacbbbb=bs—ba 
10+ | 11 | 2babbaa==bs—bbb—2bb—b . 
1H [1 OS nr borer thi 
112 214— Lz > 9 358, 
by the 4173 ea 2h=32,691358, &c. N 
by the 5,14 — p ==3,086419, &c. 
by the 6, 151z==ba+bb=197,530864, &c. Fi 
L..1% 4 A 
a= 16 . 13. 9,9: 
That is De 32 . 13. 99:1 
3 1 0,400" 
#=197 . 10. 7,401 


Conſequently age EY 249 


— 


19 


which ſhould be juſt 2507, the Sum propoſed in the Quell 
Now what it wants of that Sum, proceeds from the Im 
on to more 
which would have brought it nearer the Truth, tho not perÞa 


of the Decimal Parts being not Continued 


exactly ſo. Set, 5. Chap. 5. Part 1. 


11,999 


rfectic 
pe Place 


Quell 


hap. 9. 


— 


——_— 


— 


6— 
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dounds per 
added to, 
zum and D 


Queſtion 29. Several Merchants enter into Partnerſhip, every 
ne put into the Stock 65 times as ma 


n 
rtners ; with that Stock they Traded, and gained as many 


and Subſtracted from their Gain 


».. 


Pounds as there were 
100 J. as there were Partners. Now if 10. 10. be 


, the Product of that 
ifference will be 64917. 6 s. 3d. 7 © aw 2? 


Quere, How many Merchants there were, c. 


II ww 6112 a=y 15625= 
1 X 651 13|654=325. The N 


| Let] 1] a= Type Number of Merchants. 
17 65] 2[654= Every one's Sum be put into Stock. 
2 x 41 3 bh jaa T he whole Stock. 3 
And 44 4: : 6548: — 5 the Queſtion. 
8 12 
Vig. a — T he <ehole Gain. 
| | .200-- 46 
— 654aad 
51] 6 ——-IO 

5 —— 10 *| 100 25 

ons 6 5 aaa 
I, 88 7 : —TO0,5 

| | 100 
aaaaaa A a 
6 x o| 81 #222992 10, 5 491, 3125 by the Queſt, 
"i _ 0,2 5=6491,3125 by the Qu 
d X 10000 | 9] 42254%—11IO02 500 2864913125 
== Io|42254*—=66015625 
o+ 277) 11 | atm SOIL =15625 
4225 


5 The Number of Merchants. 


6]. more 
onal Part 


nd part of the Gain? 
Let a, e, y repreſent each Man's Stock. 


1416 J=175 


— 


umber of Pounds each put in. 


— 


- 


» 


Aueſtion 30. Three Merchants join Stocks together z the 
int Man's Stock was Leſs than the Second Man's by 13 J. the 
cond and Third Man's Stock was 175 J. in Trading they gain 


than their whole Stock was ; the Firſt 


an's Propor- 
of the Gain was 


78/, What was cach Man's Stock 


1 | a4e+3==5 The whole Stock. 
2|5+48= The whole Gain. 
Abe F By the 2veſtzon. 


5[abe-y=175 +4 


1618=175-+4 


2 Fa 


j 
6, 21 7|-+-48=2235+4 | 
D* 8a: a IPD, Por U 
* 9 aa C22 ze th 
_ — dal 10 aa+1454=15650 1 
10 ca 11 44-1454 4-5236, aon 125 5 42 
11 w 2|12|a+72,5=y/ 18906, % | SS | 


— 13 137,5 —72, 5265 
37 * 
414/79) 
Then 1665: 78:78: Luck Ses . — 
Again 1 7165: 78:97: 116 J. 8. fe Gain. 
18] 1161.85 ae The Gain. 

1916 5-58-4-97=240. The whole Stock. 
_ 1819 20 288—240=45 The Gain more than the Stock, 


Dueſtion zr. A Farher at his Death left bis Three: 3 
ais Money in this manner; to the Eldeſt he gave half uf! 
wanting 44 Pounds; to the Second he gave one third of it, 
14 Pounds more; to the Younger he gave the Remainder, whic 
was Leſs than the Share of the Second Son, by 82 Pounds 
What was each Son's ſhare ? 


Let 4, e, y be the three Shares, and the whole Sun. 


| 40. 14—b2 
a+3+41 8 +=—98 


1 „ 4A 9 

9 14 3 1 | 

6X3) 7 p34==23þ ——294 | 
7X2] 8] 62=g2-4432—588 _. 

5+ 7 9 = The \ whole Sum that was left 

2, 9] lo|4=">* —44=250. The Eldeſs. Son s ſhare. ] 
3z 9111 e=2* 414=210... The Sacond Son &c. 

4, " 12 = The 2 0 Nc. i: 


Nueſfton 22. A Man playing 'at Hazard: or Dice, won fl 
Firſt Throw juſt ſo much Money as he bad! in his. h t 


Secol 


12. 


73 


nd. T. 5 he won f he Square Root of what he ther . and 
« Shullings more: the Third Throw he won the Square of all 
then had : after which his whole Sum was 1121. 16s. What 
neys had he when he began to pry ere 


Suppoſe : a = His Firſt Sum. Then 
Le 4 26 = His Sum after the Firſt Throw. y 
5 ＋ 24= = Phe, Winnings at the 24 Throw. 


2; 25 4+ 4/ 2a = The Sum after the 2d Throw. 


up 3 
a 4. 22a+ 25 T 44 / 24: 10 / 24= The 


& 2 
, Winnings at the 3d Throw : and therefore 
4+5 6] yas +240+30+404/ 20-411 Na — 25. 


But to avoid theſe. Surd Quantities, let us inſt of ſeppo ſin 
4 the Firſt Sum, make a ſecond Tri, wy 7 Peſo * 
Let I 2a = The Firſt Sum. oe 
1*ͤ 7 4a = The Sum after the Firſt Throw. 

Then | : 24-+5 = The Sum won at the 24 Throw. N 
2＋ 31 41 444 + 242 ＋ 5 His Sm after the 2d Throm. 

0 2 : 164 * + 1643 + 4444 + 204 + 25 = The 

Winnings at the 34. Throw ; and therefore 


1+ 5 6| 16a%+ I 643 + 4849+ 224 4 30= 2256 Sh. 
Yet again, to 9 avoid theſe high 1 let us make a Third 
ppoſition; thus, 
* = =The Firſt Sum. 
IXY . The Sum after the Firſi Throw. 
Then 


42 ＋ 5= The Winnings at the 2d Throw. 
1 4 | 44+þa+5 = The Sum after the 24 Throw. 
i} 5}e=aa +a+5. 
6 | ee = The Niue at the 34 Throw, Then 
7 } ee erg 2256 Shillings by the Queſtion. 
200 5 8] ee + &e + 0,25 = 2256,25 
dw 2] 91 e-+og=/ 2256,25 = 47.5 
o, 5 10|e S 47 
5 10111 aa +a + 5=47 
I—7 12 aa + 4 = 42 
2 CO] 13] aa + a +0,25 == 42,25 
1 2 14 N 
4—0, 5 i. 15 As 6 
16 44 = 4 | 
3 The Shilling he had in his 
121 171 2 = 18 eee 5787 
| ote, 


r ——— „„  =£- 


= 9 


— 
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14 
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15 
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177 | 
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| | t 
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: | if [ k 
TX 1 # f 
A 
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+ 18 
+: 1 = 
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; 
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fl 
1 1277 
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q i 
£4 £ 
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"Note, In refolring.of, the ] 1 15 
ent Suppoſitions fo the T Þ tran bk 
alen G pom Tas bb well EN to conffder 
Nature of the Queſtion, \ Td ho BY Ates K , And mals ch . 
of S . jy 106 Thing ing ec 57 to 5 avoid d ru ing th 
8 Ee firſt uppofition of 
— Ghar foch Equations may be fol bly 
be ſhew di in NEVE —— Chapter. _ However, I is moſt Ike af 
rf}, to perform 0 this Nature the ae eakeſt 
they can be done. % = J 


4 


Quettion 3 3 oſe ; there » were two al Gibb | 
F. Miu ap ELD Ci Fan e art 7 oo pu ruto 9271055 edt 
Parts ; and that thoſe Circles were v plated por one Avis 
to move the contrary wity'ty bach other; and ſuppoſe ont of th 
to mote but one of theſe equal Part's the fi Day, Two Parts! 
fone Day, Three Parts'the third D 550 o in Avithnet 
Frege 07, Viz. 1, . 5 4755 Kc. an the ot het to move i 
D Ir Cube 5 of thoſ e Ports, Viz. 1. 8. 27. 64. 125 uy 
ſame. Parts; How mary Parts, and How "Many 540. 
cle nove, before the ſame Two Points meet that wb 2 ü 

ther when they began to mouse? 

In order to give a ready Solutio7 to this See (oraay ö at 
in this kind) it will be convenient to premiſe this Lina. 

Nemma. 

The Sim of any Series of Cubes whoſe Roots are in Arithme! 
Progreſhon (the Firſt Term, and common Difference being Ui 
or 5. is equal to the * of the Sum of all * Roots. 

As in theſe - 

ems iu Arith, 8e. Their Cubes: 
1 2+ 1 


2 
3 64 F 
6 


* 21 = 21802 Sum of thin FTA 


21 5 

Let] 1 2 The Sum of all the Parts the 1 ftCirclem! 

| Then] 2 | aa = The Sum of all the P the 2 moves 

Conſequen. | 3 4 + a = 44310 By the Que (per l 
2'Cg 4 an + ee 44310425 | | 


= 
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= 7 10,25 210,5 
I ET of The Number « of Parts the F Firſt 
$05 6] 4 = 210 MA 4; muſt move. 5 
N The Number of Parts the Serond 
60 2 J 7.1444; 00 C trcle moves. 


Next to figd the Number of Days they moved, There is given 
Firſt Term — 1, the common Difference = 1. And the Sum 
il the Nrms — 210, thence to find the Laft Term, which in 
;Caſe is the ſame with the Number of all the Tm. 

Let a= 1 the irſ Terms, e I the common Difference, and 
210 the 8um of All the * To * J = the Laſi Term. 
per Sect. 1. Chap. 6. 

Then yy + ey = 2 4 ae bythe 16 Step, Page 1 x86, | 

That * 5 2210 x e ; | 

Hence = = oh N of Docht e 2 


, — 


m_ 


— 


= if Le * 


5 row 0 to give an PIER 8 two \of the Method 
in Arguing about Unlimited Queſtions, viz. ſuch Queſtions 
ich admit of various Anſwers, faq 3s eſe in h Als 
wgte, promiſed in, Page 117. 


wrer to know the two Signs of Cd. > and Ws The 

> Is of Gzeater than, As, 5 > a figriſies that b is Grea- 
the a. The Sign S is of Leſſer than. As Y A f, gvi- 
Fer vi is Leffer than TR. 


Example op: 


Queſtion 33. ' A Tobacconift hath three forts of Tobacco, viz. 
e of 25, 8, the Pound, another of 20d. the Pound, and a third 
of 16d. the Pound; of theſe he would make a Mixture to 
ar 56 Pound, ' that may be ſold for 22d. the Pound : How 
h of has Jort may he rake. F.-Y 


Let a= * Quantity of that worth 32 Pence the 3 
at of 20 Pence the Pound, And JE = that of 16 os the 
7 
viz. each Quantity Meu! 1 li- 
en e 17 = 3 Jed into its own Price. uals 


£324 + 20 + 8 + I 2324 their tlie ir into the 
71 | . Price. * 


- 


2 Algebꝛa. — 
This . being thus ſtated, it appears by 
Page 176, that it is capable of Iunumerable Anſwers ; been 
for any one of theſe Three Letters, a. e. 7 there may be tin 
any Number at pleaſure, provided it be Leſs than (6: But 1 
though that may be truly done, yet there are ſeveral Ways of 
ing about theſe forts of Queſtions, which will [zmit or boy 
them to all cheir proper or poſſeble Anſwers in whole Numjy 


TR. + 4 p 

Let III TT HFF 7 

| And 4 324 + 205. ＋ 165 = 1232 & l bor 
1— 2 3 e+y=56—a GED 

2— 324 4 | 200 + 165 = 1232 — 324 
3x16| 5 16e +$16y==896 — 162 
4—5| 6] 44 336 — 164 .ĩ Y 4 
6=4 7 2 = 4 — 442 Hence a UV = 21 
3—71 3] y=3a—28 Hence a N 2 =Y 


From the Two Laſt feps it appears, that the Quantity ſign 
by a, ought to be i; * and Greater than 94; 1 
any Number betwixt 94 and 21, may be taken for the Value df 
Conſ-quently there may be Eleven Anſwers to this Queſion 
whole Numbers, e Aer. 

Suppoſe a = 10 Then e 84 — 40 = 44 per 7th Step. 

Ard y = 30 + 2==28 per 8th Step. SAT =. 

Again, if a==11 Then e = 84 — 44 = 40 per th dee 

And y = 33— 28 =5 per 8th Step. And fo on fort 

reſt, which will be as in the following Table. . 
el et yljele | Ihe le | 
ao] 44 | 2 14 281 14}}18 | 12 | 26 
111 40 | 5015 1 24 | 17 9] 8 1 29 
1412 36 8 161 2020/20 4 | 32| 

13122 111 117 1.264.230 [ths 4450 

Thus it will be eaſy to find out and collect all the Limited 
ſewers to any Queſtion (of this kind) wherein there are 
Three Guantities propos d to be Mix d: But when there 

More than Three, then the Work requires a little more Tt 
ble; becauſe the frgle Limits of all the Quantities above 

muſt be found. hat is, if there are Foxr Quantities conce 
in the Queſtion, the Limits of Jus of them muſt be found: 
Five Quartities are concern'd, then the Limits of Three of tt 
muſt be found, gc. As in the following Que ſtion. 
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Queſfion 34. Suppoſe it were requir'd to mix Four ſorts of 
es together, viz. one ſort worth 75. 4d. the Gallon ; auother 
worth 4 5.7 d. the Gallon; a third ſort worth 3 3. 8d. the 
len; and a fourth ſort worth 25. 9d. the Gallon; How 
h of each ſort may be taken to make a Mixture of 36 Gallons, 
xs that the whole Quantity may be ſold for 5 s. 6d. the Gal- 
without Loſs, c. 


Firſt let all theſe ſeveral Rates, and the Mean Rate, be reduced 
ne Deromrnation, viz, into Pence. 

75. 4d. = 88d. 45.7d. = 55 
"X35. 8d. = 44d. 26. 9d. = 33 


Then put a= the Quantity of that worth 88 d. the Gallon ; 
that of 55 f. the Gallon; y == that of 44 d. the Gallon; and 
that of 33 d. the Gallon. 


Then] 1 242453 4 3 By the Queſtion. 
2 


r I LEE ECO 
= 


1 


7 And 5 6d.=664. 


And 884+ 55e + 44) + 330 == 4158 == 93 x 66 
K . 3] e+y+vz=63—a | 
-a 455% +449 +33% = 4158 — 88a 

3X33] 51336 ＋ 339 +33#= 2079 — 334 

4—51 6] 220+ 11) = 2079 — 554 | | 
i: 7 2+ y=189— 5 Hence a8 5 2371 

3 x55 | 8 55e + 559+ 55% == 3465 — 554 


Pp 


d—4] 9] 11y+22u= 334 —693 | 
J—>11110] 52 34 — 63 Henceg > 2 = 21 


From the 7th and roth Steps it appears, that the Quantity of 

fort of Wine denoted by a, muſt be Leſs than 374 Gallons, 
(Greater than 21 Gallons : That is, it may be a = any Num- 
ot Gallons betwixt 21 and 374, | | 


Whence it follows, that there may be collected 16 Anſwers to 
Queſtion from the Limits of a only, 


Next to find the Limits of 25 J. and u. 


wppoſe | xt | 2 2 22 Then will 52 — 110. And 3a = 66 
But 12 2e-+- y = 189 — 5a = 79 per 7th Step. 

i=>2e1 13} y==79 —2e Hence e 7” = 397 

Apain | 14 epy+#=63—a= 41 per zd Step, 

te I5|y+u=41—=e 

51316 ½ = e— 38 Hence e>38 


From 


— — —— 
— 01 Dee 21 7 £ 10. 1 | Patt t 


- om NT I6th St. RY appears, rs, that ifs = 22 Thi | 
39.0 A e. nd uv. = 7 — 2 * RY 
58 17 5 23 i 225 17 

But 5 2.435 189, = 54== 74: 7c Jive 
18-20 2 74 — 2 Hence e = S = 37 
Again! 20 T= 63 —e = 4. Fer pl Sh 
20 — |2I| ＋ 40 — e 14 

21 — 19 2% e 4, Hence e g 3% 1 
From the 19th and 22d Steps it appears, that if a = = 19, 1 

N my, 35 36. dra K 3 = Vine 


92 


5 < 
— x , 
” © 


Once inore for a Funker 1llufivation.” :; | 
Let 23 4 Q 24. Then 3a = ne- — Chu 
But De ＋ N R189 — 1 Ps 
4-2] 5 y= 69 — 2e. Hence e x16 45 
An 26 TA 63 2 39 ber z > ns 
26 e 27 y+z= on * 
27 — 25 re 30 Hence = 3 
From hene it appears, that if a =. 24 chen e may be e 
ZI + 32. 33. or 34. wiz. it may be any er betwixt 302 
342 by the 25th and 28h Steps, from N che Haluts of yal 
i maybe eaſily found. Nr 
e 31 - Theny=7. pl 1 


2 1 rn 


g on übe e ahh all Fl eder ſingle Vat 
of a, chere may be found: above 120 Arfwers to this Cuff 
whole 1 And if i apr to put a == Fra6tzons, tt 
may be found an: Innumer able Set of Anſwers ; whereas the R 
of Alligation in Vulgar Arithmetick a onds: but only one 4 | 
in Factions, to wit, that of == 3 1. 2 104. 2104. 12 ꝙ10 
As may be eaſily try d per Rule pag. 115, Sc. g 

Theſe Two Examples being we bo ſerſtood (e pedal iſt 
Loft be thorowly purſued ) may ſuffice to ſhew the Mefbos 
Limiting the Anſwers to all ſorts of Queſtions of this kind. 188; 
therefore eoncliude this C bo, hh er of Queſtions with giving 3 7 4 
tion to the Enigma (or R we'd propos! 20 ( out 945 e 


* 
4 


A8 . D Dune Dncttions 2431 


John Key Ain the Cloſe of f che Ap pe. pundiæ to his Arithme- 
j which affords ſeveral pretty Se Solution wheteof 
diſcover a certain DIL of Three Words, on 
be found by the help of Figures Ted lor ſuppoſed to be 
ed) over the Twenty-four Letters 157 the Alphabet. A 
Thus $7 * +243. 255 137 75 7. 27 called Indices,  * 5 
are e a 
tat if the dex to that tte nee du the Lester tb 
ich it belongs 18 Conſeq 10 Sow: TIS 26.5 | 0 nus 4 
| N * The Enigma. 9 2 . 1112 en 
1 If che Diffetence between the ludicęs of the Second Letter 
de Second Ware, and the Third Letter of the Fir/t Nord, he 
vtiplied into the Difference of their Squares, the Product 
576. And if their Sum be Multiplied into the Sum of their 
ves, that Proust will be 2336; the Ide of the ſaid Third 
ter La IT Greateſt. 
a = the Greater Index, Dr that of the 8 
+ de Leſſer, or that af the 2d Letter; |. 


'2 2 an — ee 556 & 
15 845 Ir the Queſtion,” 


a r * aa + ee 2335 
5 dag A427 — 2 eee = 576 Z 
6 1 eee e 5 
71 aa ＋ 24e = 
8 ana + Jae. 34% — | . 
9 nn, 6 =-36 
| 10] 44 + ee 14 2 
| r — 6 9 G. 
9&2 11 4a ＋ 247 +ee = - 256 {Row 1 
1—10 12 24 = 110, 0% e Leg 


. 131 2a — ae fee = 36 — 
e ee 
Wy 144151 2g = 227 From bent it abpeareehatithe > 2d 
572161 a= 11 Leiter of the I Word is), and 
916 7e. the 2d Lutter of the 2d We ord is e. 


905 In order ta fet go WW the Letters, ( as they become f. ound) 
15 75 Places may be convenient to ſupply the vacaut 
J With Stars. 


it Word. Second Word. Third Word. 
RN UP ME ad: Eat! * XN K X { 


2. The 


. 
: 
. 
4 
4 
. 
1”. 
Y 3 
£5 
1 
4 
: 
N 1 
: 1 
7 
: 
* 
"mn 
* 
* 
; 
* 
if I 
of 
2 
: 
7 2 
" f 
B 
1 
3 
: 
Wn” 
1 
1 
1 
N 
1 2 
1 
"Ti 
. 1 
e 
” * 
* > 
11 
= 
* 
7 
1 
1 
3 
1 b 
* 1 
T *S 
WE, n'y 
* 


- — — — 
1 — —. — 
r . 


* 


— — + Ba 
— 


* 


2. The Indices laſt: found, are the Two Extreams of þ 
Numbers in Arit hmetical Progreſon, the Leſſer Mean being 
Jade x of the Firſt: Letter of the Third Word; and the 
Mean is the Index of the Fourth and la Letter of the Firſt Vi 


Viz 57. 9.11 are the Four Terms in Avith. Progreſpn 


Whenee it ap pears, that C (whoſe Index is 7) is che Fit 
ter of the Third "Word; and that i (whoſe Index is 9) is 
Fourth or Laſt Letter of the Firſt Word; which being pla 
down, will ſtand thus, J li neaxy 


Gaz 


3. The Second Letter of the Third Word is the ſame wit 
Third Letter of the Firſt Word; and the Fifth Letter of 
Third Word is the ſame with the Laſt Letter of the Fir W. 


Whence che Letters will ſtand thus, K Ki. . NE KKK · Glys 
4. The Sum of the res of the Indices of the Firk ant 
— Letters of the Firſt Word is 520. And the Produſt of 


ſame Indices is ſeven Ninths of the Square of the Greater j 
which is the Index of the ſaid Firſt Letter, _ 


Let a = ha Greater, ande = the Leſſer Index. 


Then aa IT ee = 520 
fa | Wie 242 1 e to the Date 
2Sa| 3] e=2a' 
38.21 4 ee . $08 = IT 4 
1— 4 5] aa = 10 == 422 | 
5 x 81 n 81a == 42129—49aa © 
6 + 4944 I30aa = 42120 


= 5500 = $45 minke - . 
„ 91 a=y/ A 18 7 105 Leder is. 
3, 9] 10] e 23a = e Its Letter is o. 


Hence the Letter will ſtand thus, Soli. Ke NK · Gl 
5. The Difference between the two Laſt Indices, is the 


of the Firſt Letter of the ſecond Word, viz. 18 — 14 "1 
the Index of the Letter D. 


Then the Letters will ſtand thus, Soli. De K K Gl 
6, 
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— mn 


. The Third and Alt Tee of the Second Word, Alſo the 
Letter of the Third Werd, ate the ſame with the Second 


E Te e , Soli Deo Glo gig. 


5. The Sum of che Indices of the Fourth Letter of the Third 
ad, and che Sixth or Laſt Letter of the ſame Word, being 
nm to their Product is 35. And the Difference of their 
ares is Exon The Fedex © the Laſt Letter being the Leaſt, 


= the Greater, and « e= = the Leſſer Index, as before. 


Then 2 44 4 2 
And] 2 Hat 7 2 2h} Bethe Date. | 


bt 
- -» * 


= a). 3 F = 35 — a 


1225 — 70a + 4a 

| +. 4a ＋ 2 T1 | 
2+5 6 288 X 1225. — TT + a2 * 1 

* e. 7 fav 225 K aa = 28843 + 5764 + 288 
| | L+ 1225 — 70 ＋ aa . 

It 8 T 2884s — 5064 = 1513 


This La ation being Reſolv'd according to the Method 
Wich ſhall 22 d in the next Chapter, it will be a = 17. 
Liter; and from the ath Step e = * 1 1 the 
ex of the Letter a. 

n theſe Two Letters being Hated according to the Data 


oe, are all chat are 2 by the Enigma to Compleat 
tle Words, 


s oli Deo Gloria. 


A CHAP, 


128 
A 


« * 2 
> &® * 
234 iat 
1 0 Ce. i 9 . 
. . q Ss # , 


The Kuti of Aukeard Equations i in Nyinber. 
Before we proceed to the Solution of Adfected AX, quations, 
may not be anaſs' to ſhew the Inueſt ige tam (ar eee 
thoſe Theorems. or Aules for rattiag the gore af Si 
Powers, made uſe of in Chapter 1 1. Part 4. 

1 tha here miake Chaige! of che Game Lerers to xepreſent 
Numbers both [eo and _ ; 8 in my Compendiun 


Algebra. 


* 5 1 


TP 8161 . 


E, always ** the given en Reſolvend. 
Number 


en as near the true Roo! 
7 ay be; whether it be Grpazer 

the 8 of the. Ropt ſought | 
© Uwhichr.is to be either Tec 175 ar Decreq 


Then if : be any Number Leſs than che Robot, 
it will he ＋ e = the Root ſought. fi 
But if / be taken _ then the true _ it vill 
be e — = the pw ne a 
And put D for Dividend that is prody 2 om 2 af 
it e eee, by 7 Kc. (into the Fiat 
Alete Equations ) according as de, ! of the An. 
d to Rai 


ao 


uvires. 
he. Things being remiled, we ay | ; 
the Thedrems. F 5 
echte ee de 8 8 
L Feat Square Root, VIZ: aa G. . Ne : EE 
Let x [Pera | 
IG2| 2|[rr re ee =a=l 


2— 77 2r te G ll Hs Ds 6 
N67 ho By "7 Tits ewe the 1d Meth 


Then 4 3 2 ! =" ExtraSting the 
| | 27 + E202 11. 88 
37 2 1 we = SEL —D 


Which gives this Theozem 4 - 2, 85 IN 
| The Arithmeticial Opperations of both theſe 7 Hrn 


have in the Examples of Sectios 2. Page 126; To * * 


4 \ 
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—— ſuppoſing him by this Time to undexſtand them 
it any more Words t hat ia there expreſt. Yo 


* 34 4%» 


l 10 Berra the c ler 4 04 =: E. Aue 


Let x 45 Ten Suppefing . Loſs quite true Root. 
I ir + z 9906.4 eve dnn G 
— 7 3 3 1 Nhe = Grd Z 


343" [4 „ e 8 


5 bs Rejefted or cal off, © as being of finall alas, 
[ne it will be, Fe + ee =D: which gives this following 


eee ö 


hy this Throrem or Rule, the 1 fl and 2d Raum les in Caſe 1. 
ve 132. ate perform d; n ared with this 
5 may be very eaſily inderſtosd. 


Again, Suppoſe aaa — G, 0 4s before ) And let - be taken 
rater I the True Root, 


[r.—e=a elch > Reject 
ur e {LA =6 he. 


* 


Nach gives this 3 = e 


Ad. Theorem the Third Example i in Caſe 2. Page 133. is 
I: orm 


> 


1 To Extra the Biquavate R bor; viz. 4 wha G Quere 4. 


Let | x [r- e = a Suppoſing ? Leſs than Ju 
I 6 4 14 + qrrre hy. 6rree+ a+ = — 97 all the Pow- 
PRI JEL oy og t ers of & above ee, 
14 ee THY 
00 * chis chor J ff - 5 M e 


Hh 2 By 


236 Algeb za. Pal 


By chis Theorem the Bigu adr atx Root of any Number rnay þ 
Extracted. But as I have already faid, Page 134 thoſe z 
tract ions may be very well perform d by Two Extraction of f 
Sguare Root. Vide Example Page 133. 
IV. To Extract the Surfolid Roof, viz. as = G. Quere a. 

F than juſt, then r © = 4. As befote. 

DD 2 

By this Theor. the Surſolid Root Examp. 1. Page 136, is Extraily 
Bur if y be taken Greater than juſt; Then y — e =a, 


And 9. D. | Which gives this Cheozem{ — 


. ors | | 
By this Laſt Th-orem the Example in Page 137 is perfamil 

I preſume it neeeleſs to purſue the Raiſing of thoſe Thectem 
for ExtraQting the Roots of Simple Powers, any further; beca 
the Method of doing it is General, how high ſoeyer they ar 
and therefore it may be ealily underſtood by what is already du 


r 


—— 


Notwithſtanding I have already ſhewed the Solution of (u 
aratick A quations, Two ſeveral Ways, VIZ, by caſting off tf 
Loweſt rm: And by Campleating the Square, vide Settion 
Pag? 195, &c. Yet it may not be amiſs to ſhew, hoy thil 
A quations may be Reſolved into Numbers by this Qa(virli 
Method of Continued Series; wherein, if the Firſt / be take 
Equal to the Firſt true Root, or Single Side of the Reſolvend 
And every Single Value of e (as it becomes found ) be ii 
Added to it, for a new ry, Then thoſe Roots may be Extratte 
without repeating a Second Operation, As before in the Sing 
Powers. 

oe 1. Letaz + 2ba=6G, Tis required to find the al 
of a. | W 


III ea 

1G 22 lr re ＋ een a | 

Ix 2b}, 2 | 2br -+ 2be= 2ba | | 

2 + 3 4 77 + 2by I 2ye ＋ 2be Tee = ga 4- a2 
1.5 | 2re + 2bee + ee 2G — vr — 2b 

1 6 re be ee =43G -A — br =D 


177 a 640 D 
Wnich gives this Theozem— 7 FT — e 


$upp4 
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6b =36 And G 869286 | 
| 364, And G = — 4368000 


ane + 4368000 = = 40368500 N. 53692865 22 
i de he Fil 1 6000. Let r == 5000 
= 5000 _ . -1934643235 = 3G 

"7 = 368 e 1432000, = + br 
+b=5364 © 5026432,5 =D (Boo =# 

30 = = | 46112 TIS == | 
Diviſor $764) "41523. 5 (ebe 
1 r > } 
13 49 | (_7=e 
Diviſor 0 4359925 3065 = 
+ þ = 6224 7 8 To) 
16 3,5 


Diviſor 6227, I 
Ir = $090} _ 2 

e 867 T 5867 =a n 
2 If aa — 2ba = G _ proceeding as above, there 


arſe his Theozem 4 -— —F = &c. 
lin caſe 3. viz. 24 — 44 = G you will haye 


D 
c——_ 75 Kc. As above 


hink it needleſs to trouble the Reader wich the Work of 
E Two Theorems in Numbers; becauſe if the laſt Example of 
1. be underſtood, the other will be eaſy. Not — 4 that 
Method of Compleating the Square is very ready and eaſy, as 
may obſerve by the Work in ſeveral Queſtions of * Chapeer, 


Section 3. 


u the Solf ion of all AdfeRed Æquations, aa we ere (or 
ler than) Quadraticks, it will be the beſt way to take # = 
"xt neareſt Root of the Æquation: And then it will 


[eG Greater than 
juſt ( as 2 the Fu 8 of this Chap. ) 
d all the Powers of the unknown Part of * e Root (vix. e) 
Me its Square ( ve ) are to be Rejected or caſt Off ; As before 
in 


e a ib be Leſs than juſt Orr — e=a 


it is, that to ſupply the want of thoſe Fours (above dey 


ir muſt be | 1 jy +o=a — Leſs thanjuſt 


2 "Wan — 


in Raiſing the Theorems for the Simple Powers. And ther 


Theorem) the Operation malt be repeated: As in the Evn 
of Extratting the Cube Root, Page 133- viz. when the Figy 
in the Root confiſt of more than Three Places, ( vide Page 


d Is CY WIS TRY | 8 \ 
VOY * ppoſe a4 L la = G. Quere 4. wn 


: 


Let | 1 zſrt 
1831 2 2==3-(A 
Ixb| 3 . = 4:9 
2 +3] 4 =o oh 
„ 

6 in N 0 


„ tt; . 


| 4 wid 

But if EM taken Greater than . Then it will 

eee ee vga 

ee eee | 2 

this Theozem ) 7 3» ©, © 
+ 


—e 


By either of theſe Two Theorems the Value of à may bee 
found. Or rather otherwiſe as in the following Example. 
Let aaa + 24a = 587914 - Hereb = 24 
Suppoſe the Firſt + 90 Then 2 = 729000 7 557 
without the 24 X 90 being added to it: Therefore 75 
Again, Suppoſe y = 80 Then r: N And Rare 
5120000 + 1920 = 519320 I 14 Hence 7 

but nearer to it than 90. Thardtore nn mor 


IG-3]| 2 [17 zrre + 3ree — aaa 
24 4.3 þ247 + 246. 244 EE. 
* | 4 1 512000 -+ 19200e f 240ee = 44d 
1920 ＋ 240 244 W $476 
5.513920 ＋ 19224 + 240 = 587914 
. 7 192248 -Þ+ 240% = 73999 0. 
. a | 8 9 308,31 — 
1 5 78 Ta 


| 


Oper 


pero. Of Adſectod —_— 230 
1 80,) 36 5 (e re 


3 
hn 2 Ba 8 ni 4.0, * 28 A 75 


FROR 830). 24g ow b+et=8gy tr 
Or rather [New Ly For 2 2 which 
mere _ tore) will be found greater than 
ER gn ona nn 


4 2 8 — 21617,070 w_ 2315 Iee = Aan 
J 2 244" (914 
16 883855 © Act oye- T 2517, 1c = 587 
21941,07e — 251, 1e — 471,053 

83379550 O36 = 1,;87599978= D |»: 


1 e 1 
(peration 83,7955): 1 1387595778 (9223 = — 
2 = 0 21 27330 0 09320 75 p 
Tay ob 837759) OHH © == 55044 fs 51 


Diviſor P | OR = 
'—£ =  $200Z-. 202513196 


— - 


liviſor 83,7732) © 50776882 e 

wing once found half the Places of iFggures for the Value 
it will be needleſs to form New Dinſors (as above); for 
Sd the Figures may be as truly found by _ Divifior 


lt Diviſor is 83,7732) 0778820 0 = = 
7539588 (9000927 47 * 
r 2292320 , 
i= 10223927 1675464. 
'= 836776073 24 6168560 
. 24 Kc. 


, 
— 


i if more Exaineſs be „ you may make the 
e 83,6776073 And proceed with it to a Third Ope- 


ration; 


ql 


— - — — — — — 
— hay - 4 - — — 8 ” 
— — — — - — - — — —— _ — —— — — — — — — — — — — 
—— — — . 
3 3 > F, 1 TORE | JE 2 
— 8 — 2 4 * = - — W * * - - F k 
F 2 * © ü 7 n e n - 4 r 5 22 p \ * 8 
2 a ST. " — , . x = 5 9% * c 
— * . \ 
— be 4 4 D ? "=: R — — 5 2 N 
a = — TT. = — Yi - e _—— — — D = 
> Wo, > 
fi ad - > -# — * _— 2 3 Ys AA - . + — 
4 = Pages - — » = 5 Bow» 


« $ — -—_ 96 „K A "Vat! PR 
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ration; wind "al od Twenty Seven Placty D Fe ＋ 
the Value of 4 That is, every Gp ration will produce T5 
the Places of Fi iure to thoſe of * Precedent v.” "And 6 
Tripling the Places of Figures in the Noot, at every Operas 
holds good, and is to be obſerved in the Solation of all Af: 
Æquatiens (hom high 1 they are ) according to this Mt 
of Reſolving them. See Page 14444. Veo 


pat 
Example 2. Suppoſe aaa — ba — G. . v7. 
Hr 4 Then re 12 ue 


| . : | on 
W — . | e 


? j 
4 1 


But if v . er I Lbs 


which gives this Theorem — i 


* 


Or you may 8 otherwiſe, as in che Laſt Example 


Let aaa — 64384 = 1 688 Here b = 6438 
Suppoſe the Fido = = ar 125000000 and by — 321% 
Then 125000000 — 3219000 = 121781000 - _ 

Bur 121781000 > 104785688 Therefore x 50 

Again, Suppoſe r = 400 Hr = 64999000 . and by = 2975 
en will 64000000 —= 2575200 == 6142800. _ 

But 61424800 x 104785688 Hence y > 400 

Conſequently vis betwixt 400 and 500. But 500 is the 
neareſt ; Theron Let r = 500 being Greater GE) 


Then 1171 —e=a4a | | 1 
18 2 12 1 os, zree = 444 | a 

a 1X5 3 — ba 7 
2, in Numb. | 4 ——— — 75οοοο ++ 1500ee — ,. 
zuin Numb. | 5 3219000 — 6438e = 64383 ( f 
2 
7 
8 
9 


| 121781000 — 7435628 + 1500ee = 
7435626 — I50Cee = 16995312 
495 — ee =11330 =D 


3 


— 


395 =e 


m_ 
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{ 
[1 : 4 
: 'Y 
17 
| * 
; 1 un 
10” \ 
+ 
TY 13 
1 
| Fi 
| V's. 
wan” 
1 
: F l : 
N N 1 


yeration 495) 11330 (23,8 = e 
— 0 = 20 950 
, Diviſor 475) 1830 Firſt x 500 1 
— 2 3 1416 — 23,8 lt 
a Diviſor 472) 41450 Foe = 476,2 — 4 : | 
. 377,6 | | 


et New » — 476 for a 2d Operation. Then 2 == 107850176 

| br = 3064488 But 107850176 — 3064488 = 104785688 

eme with the Reſolvend. Conſequently a — 476 fuſt. 
Example 3. Let ba — aaa = G Quere a. 


— dan i — q 
D 


which gives this Theorem 9 — hs 1 
Cr 


1 


„a Then re — 1. ce l + zr - 125² 


W e 
which gives this Theorem 2, RT: ow _ 


e 
7 
Or otherwiſe as before in the Two Laſt Examples. Thus 


Let 123456a — aaa = 12272861 . Here bþ — 123456 ; 
ole the Firſt » = 200 | Then 777 — 8000000 . and 
= 24691200. then 24691200- — 8900000 — 16691200 
t 16691200 > 12272861 . therefore » is here Leſs than 
, becauſe the higheſt Power is —, or Negative, 
jan, Suppoſe 7 = 3oo then = 27000000 and Ir —37036809 
n 37036800 — 27000000 == 10036800 I 12272861 
quently x I 300 and r > 200 
Ir = 3200 , being the next aeareſt, but more than 2u/F, 

Then] 1 IT- e =a2a 7 | 
18 3] 2 lr zirre | 3ree = aaa 
1X # Thy — be = ba | | 
4 | 27000000 — 270000 = + 900ee 
5 | 37036800 — 123456 e 
6 | 10036800 -+ 146544 & — 900ee= 12272861 
7 1 146544? — 900 ee = 2236061 
8 | 162e — ee = 2484 = D 


) 


| 


e Ii Opera- 


's 


: - — 
—— — . — ·—*—˙ — i ; l - 9 
- _ a. _ -—— — -_ — — — — 


Algebꝛa. — = 
Operation. 162) 2484 (16, 6 = e | 


242 


— 10 152 
1. Diviſor 152) 964 Firſt : 300 
0 — e 16, 6 
2. Diviſor 146) 88,0 7 — 8 = 283,4 24 
| 87,6) 95 


Or New y = 283 which being volved, &c. will appear tol 
the true Root. That is, a = 283 Juſt. 

Note, Theſe are uſually called the Three Forms of (uli 
Equations ; and in the Solution of the Third or Laſt Forn, . 
ba — aaa = G, you may meet with ſome ſeeming Difficultte 
eſpecially in making C hozce of the Firſt r, becauſe this Aquati 
is an Ambigious Æquation, and hath Two Affirmative Ro 
Viz. a Greater and F. er Root. But having once found either 
them, the other may be eaſily obtained by Diviſion on 
As in the Quadratick Fquations. Vide Chapter 8. 

As for inſtance, in the Laſt Example, a = 283 
And 1234564 — aaa = 12272861. Mate theſe I 

Equations = 0, To wit, Let a — 283 =o. 

And — aaa + 1234564 — 12272861 = 0. 
Then, a — 283 ) — aaa + 1234564 — 12272861 ( - 


— aaa + 283aa 


SY 2 


— 283 + 1254564 (2 
— 283aa + B895c89a 
+ 433674 — 12272861 (+4 
+ 433674 — 12272861 , 
Fo „ 
Hence it appears that — aa — 2834 + 43367 = 
Conſequently aa - 2834 ==. 43367 this Zquation be 
Solved, a = 119, 2722 Sc. which is the Leſſer Root of 
aforeſaid Æquation ba — aaa — G Kͤ ᷣ . 
After this Manner all the poffible and impoſſible Roots of 
AÆquation may be eaſily diſcovered, any one of its Moll 
once found. I thall therefore omit inſerting more Exanp! 
that kind. = | WY | | 
Suppoſe aaa + laa + ca = G. Quere þ 
Let & = 74,c = 8729. and & = 560783 | . | 
By Trial 7 as before ) it will be fd that the! ext 14 


x =40 being ſomething Z-ſs than juſt, | e 


* 
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yl 
Therefore | I | 7 Se —a 
x *c] 217 +remuen - - 
G 2:5 3 | brr + 2bre - bee = baa 
g 34 ＋ zrre + 3ree = aaa 
in Numb. j 5; 349160 ＋ 8729 
in Numb. | | 1184009 + 5920e—+ 74ee 
in Numb, ] 7 | 64009 + 48coe -+ 120ee 
+6+7| 85 531560 + 194492 ＋ 194% = 560783 
531560 | 9 | 194492 + 194% — 29223 
— 154 4 10 | 100,2e + ee = 153,06 = D 
132 II | © =. ro 
C; . l 100, 2 Ke 
e ration. 100, 2 153,06 (1,5 Se 
it + 2= . 101,2 Firſt x = 40 
ns , Diviſor 101, 2) 51,86 I a 
nj eo. i. S065 7 Te =415=0 
Diviſor 101,7 1,901 


Or New 7 = 41,5 for a Second Operation, which being duly 
volved, &c. will be found more than aft. 
n. . ' 

| 2 IF — C@ = ca 
Then ) . 3 rr — 2bre I- bee —baa 
| 4 | 111 — 3rre + 3ree = aaa 
Theſe being turn d into Numbers, &c. As above, they 
ll be 20037,75e — 198,5ee = 390,375 which being 
iided by 198, 5 the Co-efficient of ee will become 
19,9450 —@& = 1,960624 &c. = D. 
peration, 100, 946 1,966024. (O19 = rc 
— 0 1 100936 


Diviſor 100,936) 957264 
— r 5009 908343 


4 Divifor | 199,927) x 489219 (0004847 
Here | proceed by 403708 igen = 
5 . — 


2 


uin Div i ſion, without 


le ming New Diviſors - 3426 
it = 41,8 470040 


=e —= 0194847 49378 
"0x [_ _. 72272 &c. 
41,4805153 7 332 15 
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Let the Laſt Fquations in the Anigma, Chap, 9. be here py 
Poſed for a Solution. | 


Viz. aaaa ＋ baaa — caa — da = G 


52, c = 288.4=506 .andG = 1513 Quere a 
By Tryals it will pe found, that the next neareſt y = / 


being ſomething more than 7ff. 
Therefore | 1 IT —e=a _ 
2 lar de da 


3 ler ⁊cre I cee = caa | 
4 Err — 3brre + 3bree = baaa 
5 - qrrre + 6rree = anaa 


Theſe being turned into Numbers, and thoſe duly Collett: 
according as the Sig7s of the Æquation direct, they will beo 
50680 — 22 374e + 2232ee = 1513. Which being 
Divided by 2232 the Co-efficient of ee, 
will be 10e — ee = 22 =D 


Then L— -=# 


Operation, 10) 22 (3 e 
:. 3} 20 


Diviſor 7) 1 
Firſt + = 20 


— 2 


2 


| „ Sia. ce the End of Cup 


By what hath been already done about the Solution of the 
| tew Aquations ( Leing carefully obſerved, )1 preſume the Leon 
| will eatily Corcezve how to proceed in the Solution of all! 
| of Fquations, be they never ſo High, or Adfected; thereto 

1 ſhall not here propoſe many various Examples, but only t 

1 them as they fall in Courſe when I come to the next Part, whe 

1 in you will (perhaps) find ſuch Æguations with their Solutic 

| as are not common. | 


CH4 
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CHAP. R. 
Of Simple Intereſt, Annuities or Penſſons, &c. 


Vrereſt or the Uſe paid for the Loan of Maney, is either 
ple ; Or Compound. | * 


Section 1. Of Simple Intereſt. 


Simple Intereſt, is that which is paid for the Loan of any Prin- 
pd or Sum of Money, Lent out for ſome Time, at any Rate per 
: Agreed on between the Borrower and the Lender; which, 
wrding to the late Laws of England, ought to be Six Pounds 
the Uſe of 1001. for one Year, and Twelve Pounds for the 
b of 1007. for Two Years. And fo on for a Greater, or 
Sum, proportionable to the Time propoſed. 

There are ſeveral Ways of Computing (or Anſwering Queſtions 
t) Simple Intereſt ; as by the Single and Double Rele of 
mee (See Page 96, &c.) others make uſe of Tables Compoſed at 
nl Rates por Cent. As Sir Samuel Moreland in his Doctrine 
literzft, both Simple and Compound, is all perform d by 
es; wherein he hath detected ſeveral Material Errors com- 
ted by Doctor Newtor, Mr Kerſey upon Wingate, and Mr. 
nm, Kc. in the Buſineſs of Computing Intereſt, &c. by their 
es, too tedious to be here repeat. 

but I ſhall in this Trac take other Methods, and ſhew that 
Computations relating to Simple Intereſt are grounded upon 
me tick Progreſhon ; and from thence Raiſe ſuch General 
ems, as will ſure with all Caſes. In order to that 


5 = Any Princi pal or Sum put to Intereſt. 
( 


K = The Ratio of the Rate, per Cent. per Aunum. 
t = The Time of the Principal Continuance at Inter 75 . 
A=The Amount of the Principal, and its Intereſt. 


te, The Ratio of the Rate, is only the Simple Intereſt of 1 7: 
me Year, at any given Rate; and it's thus found. 
100 : 6:: 1: 0,06 = the Ratio at 6 per Cent. per An. 
100 : 7 :: 1: 0,07 = the Ratio at 7 per Cent, &c. 
in 100 :7,5 :: 1: 0,075 = the Ratio at 7 and 3; per Cent. 


nl if the given Time be whole Years ; then t = the 
mer of whole Fears: But if the Time given, be either pure 
; of a Year, or Parts of a Tear mix'd with Years; thoſe 
; muſt be turn'd into Decimals ; and then 5 = thoſe 
mals, &c. Now the Common Parts of a Year * 
eaſily 
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— — 5 
eaſily turn'd or converted into Decimal Parts, if it be confiden 
Day is the M Partsof a Year = 0,00274, fer 
That Ore < Month is the +, Part of a Year = 508333331 
Quarter is the f Part of a Year = 0,25 
Theſe Things being premiſed, we may proceed to Raifurg 
Theorems, | 5000 
Let R = the Intereſt of 1 l. for one Year. As before, 
Then 2X the [tereſt of 1 7. for two Years. 
And 3R = the Intereſt of 17. for three Years. © 
AIK the [tereſt of 1 l. for four Years. And ſo 
for any Number of Years propoſed. = 
_ [Hence it is plain, That the Simple Intereſt of one Pound! 
Series of Terms in Arithmetick Progreſton Increaſing ; wil 
Firſt Term and Common Difference is R And the e 
all the Terms is 1. Therefore the Laſt Jerm will alvyy 
tR = the Intereſt of 11. for any given Term ſignified by t. 
Then £5 45 one Pound: 1s to the Intereſt of 11. :: Hi. 
N Princi pal or given Sum : To its Intere ſt. 
That is, 1 J.: K:: P :tRP =the Intereſt of P Tl 
the Principle being Added to its Intereſt, their Sum will be 
the Amount required : Which gives this General Thearen. 
| Theorem tRP + P = A 
From whence the Three following Theorems are eaſily dedut 


Theorem 2 4 4. r. Theorem 3. I= 


fR+ 1 


Theorem 4: 4 


Py, 00 . 
Theſe Four Theorems Reſolve all ue ſt ions about Simple Int? 


Queſtion 1. What will 2561. 10 s. Amount to in 3 Years 
Quarter, 2 Months, and 18 Days, at 6 per Cent. per Ani 
Here is given  P = 256,5. K = 0,06 . And 1 = 34 
For 3 Years = Quere A. per Theo 

one Quarter —0,25 | | 
2 Months =0,16667 = 0,08333 x 2 
18 Days = , 4932 =0,00274 x 18 


. = 3,46599 : * 0,06 = e 

en o, 2079504 x 256,5 = 53,341586 RN 
And 53, 341585 J 256,5 309841586 AP 
Thar is, 309,84 1586 = 3091. 164. 10d. being the + 
r Wi: 


4 


_— 
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Queſtion 2. Nhat Principal or Sum * to Intereſt, 
ll Raiſe a Stock of 309 J. 16s. 10 d. in Three Years, one 
arter, Two Months and 18 Days; at 6 per Cent. per Au- 


m £ 


Or the ſame Queſtion othewiſe ſtated thus. 


That is 2091. 16 s. 10d. due 3 Years, one Quarter, 2 Months 
118 Days hence, worth in ready Money; Abating or Diſcount- 
0 6 per ent, &C. | : 4 "Pp 7 
Here is given 4 = 8415 5006.1 = | 
und as 2 ) Thence to find P. Per Theorem A OY 

_ Firſt 3,46599 x 0,06 = 0,2079594 =t R 
ThentR + 1 = 1, 2079594) 309,841 586 = A(256,5 = P 
at is, 256,5 = 2561. 10. the Anſwer required. 


efion 3. At what Rate or Intereſi, per Cent, &c. will 2561, 
i. Amount to zog l. 16 5. 10d. Iu 3 Leas, one Quarter, To 
unt hs and 18 Days. 

Here is given, Þ = 256,5, l = 309, 841586 and t 3, 46599 
ofind X. Per e 35 1 1 * 

firſt Zo, 841586 — 256,5 = 53,341506 = 4 — 

Next hp oo. 256,5 = 889,026435 R | 

And tR = 889,026435) 53-3475 6 (09,06 — the Ratio, 
ben 11, : 0,06 :: 100: Gt < 


L 


$ 


e Kate required. 


uten 4. In what Time will 2561. 10s. Raiſe a Stock 
(or Amount to) 3091. 16 5. 10d. at 6 per Cent. &c. 

ere is given, P 256,5 A = 309,841586 and R 0,596 

o find 7 Per Theorem 4. ek 

„ 309,841586 — 256,5 = 53,341586 = A — P 

1 256,5x0,06 = 15.39 = P 

en 15,39)53, 341586 (3,46599 g. 

bat is t = 3 Years and ,46599 Decimal Parts of a Lear; 
ich may be brought into Common Parts of a Year, thus 


10 


0,4659 9 And , 08333) 0, 21599 (2 Months. 
0,25 = one Quarter 116666 
0,15 ũ 9 600, 020%4) 94933 » (18 Days. 


ace : 3 Years, one Quarter, 2 Months, and 18 Days; 
Anſwer require. f77 0 | 


k muſt needs be eaſy to Conceive, that what is here done 
6 per Cent. may be done at any other Rate of Intereſt, by 
"ang the Ratio, viz. R accordingly, © © 

Scholtum 


* — 
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— — —gvy„—T ——gt„t- a ee ts <a 
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Pr 
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+ 


1 
7 
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. Scholium. 0 
_ Altho' it be according to the Laws and Cuſtom of Euglu 
to compute Intereſt at the Proportion of 6 per Cert. (as 15 
yet he that takes up Money at Intereſt for any Time Leſt) 
Even or Compleat Years, pays more Intereſt than ſeems rei 
nably Due, according to the Rules of Art. 

As for inſtance ; If 100 J. be forborn at Intereſt one Whi 
Year, it amounts to 106 J. But (I fay) if it be paid at the H 
Year's End, it ſhould not amount to 103 ; as appears from - 
following Proportion. | 

Let a = the Amounts due at the Half Year's End; Then 
will be 100: a :: a: 106 the Amount at the Year's Eo 
Ergo aa =10600 And a= & 10600==2102,9563z=1021. 194.1! 
which is Leſs than 103 J. by 104.54. And if it be paid in le 
than Half a Year's Time, the Error muſt needs be the Greater 


Sefion 2. Of Annuities or Penfions in Arrem 
Compnted at Simple Intereſt. 


Annuities or Penſions, &c. are ſaid to be in Arrears, when th 
are payable or Due, either Yearly, or Half-yearly, &c. and 

Unpaid for any Number of Payments. Therefore the Buſinebi 
to compute what all thoſe Payments will amount unto, allo 
any Rate of Simple Intereſt for their Forbearance, from 
Time each particular Payment became due: Now in order 
that, 


' 
* 


1 — the Aunuity, Pen ſion, or Yearly Rent, &c. 
put 2. the Time of its Continuance, or being Unpaid. 
R the Ratzo, or Intereſt of 1 1. for 1 Year, As befor 
A the Amount of the Aunuity and its Intereſt. 
Then if z =the Firſt Year's Rent, due without Drtereft. 
el "= _ Wn 22 4 Due at the Eud of the Second Ia 


2Ry the Intere oY 
And 3 — 2 —_—— 4 Due at the Exd of the Third Ye 


j p 

2 Ru —the Inter | WY wid 
42 = = now 4 Due * the Ea of ths Sn 2 
4 3 I Due at the End of the Fifth l 


And ſo on for any Number of Years, Hence it's Evident, 
Ru + 2Ru + 3K + 4Ru + 5u = A the Sum of all d 
Rents and their Intereſt, being forborn 5 Years, "pi 
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| rom whence it follows, that N. 2Ku + 3Ru+4Ru=A— "a 
cre = 5+ Divide by u, Then R 2K f 3K 4K 2 

Next to find the Sum of this Progreſſzor (See Page 185.) Thus 
in B{-2R + 38+ 4A. a. Then 1+ 2-4- 3+ 4c. 
ere the Sum of the Firſt and Laſt Terms are 4 ＋ I= 5 —r 
nd the Numbers of all the Terms is 4=t 1. Therefore 


_ x t the Sum of all the Terms. That is,—= = | 
ttR — TR | 
ence — 


„ THR — 
x. Conſequently — = 2 


ow from this Æquation it will be eaſy to deduce the following 
heorems. | | LS | 
heorem 4 * ==40r4 — ip I A 


2 2 

heorem 24 e TRE” Theorem 4 2 — K. 7 
t Fi- ehen 1 77 . Fx T Theorem 4. 
Queſtion 1. T 2501. Yearly Rent (or Pen ſion, &c.) be forborn 
un paid Seven Years ; What will it amount to in that Time, at 
per Cent. for each Payment as it becomes dues 
ere is given 4 —=250 . £=7 . And R, 6 To find A. Per. 
b. 1. Firſt 250 x7 = 1750 = tu.1750 x F 12250 = tu 
gun 12250 175 = I10500=ttu—tu, And . x 0,06z=31 
ly 315 FE 175 , 2065 = f. Viz. 2065]. is the Anſw. required. 
hut if the Aunuity, Rent or Pen ſion, is to be paid by Quarterly 
. Half Yearly Payments, &c. 
ben =5< = 0,03 == R for Half Yearly Payments. 
nd e = 0, 015\ = R for Quarterly; Or o, 045 = K for 
bree Quarterly Payments. Example of Half Vearly Payments. 
poſe 250. per Annum, to be paid by Half Yearly Payments, 
re in Arrears, or unpaid for Seven Years; What would it 
nount to allowing 6 per Cent. per Annum for each Payment 
it became Due. | GP 
In this Example there is giyen u = 125 = = 14 the 
uber of Payments; And & =o, 03 = s Thence to find 4. 
ut 125 „ 14= 1750 = tu. 17 x 14 = 24500 = tr 
dun 24500 — 1750==22750==ttu— tu. Then = 11379 
K k And 


250 Part IIe 
2541750552091, 2; i 
that Half Yearly Payment 

are more Advantageous * d n 2 Ee 7 
For 2091. 56. > 20651. by 261. 5s. Conſequaptly, Quarter, 
ly Payments are more Advantageous than Fal each 

RRR 0 

Nueftion 2. What Yearly Rent, Penſion, &c.* being forbon 
or un paid Seven Years, will raiſe a Stock of 20651. allowing 6'pu 
Cent. per Annum for each Payment as it becomes due? 


Here is given A=2065 . f 7 And R'== 0,06. To find u, 
Per Throrem 2. 7 v\ng 59! | | 

Firſt 7 „ 0,06 == 0,42 = K, and 0,42 x 7 —= 2,94 = kt, 
Then tt — tR== 2, 52. 

Laſtly ttR . HR ＋ 2 = 16,52) 4130 = 2A (250=n. 
Thar is, 250/. per Aunum, &c. will Raiſe 2065]. the Stock w. 


De 


Queſtion 3. I» what. time will 250l. Yearly Rent, Raiſe « 
| Stock of 29651 Allowing 6 per Cent. Sc. for the Forbearance 
the Payments as they become Due ? Went” 
Here is given 2 — 250. A=2065 = And R'=0,06 To findt, 

Per Theorem 4. Firſt | e e £6265 TON, - 4) 


4 2 2 E — 5 2 
T . 33,3333Andz3, 3333 LES 32433332 5 
= Then 16,16666 &c. = *, 261,3605 Kc. = 4. 
Again 4 = 275-333 =24— Ru And 275,3333 +261,36 
==536,6938 == + 5% Then / 536,6938 5 23,1660 
Laſtly 23,1666 — 16,1666'= 7 = tthe Time required. 
Naeſtion 4. F 2501: Fearly Rent, being forhory Seven Yeu 
will Amount to 20651. allowing Simple Intereſt for every Payne 
as it becomes due hat muſt th Rate of the Intereſt he per Cent. &i 
Here is given #.= 250. A = 2065. And t = 7. To find R: 
Per Theorem 3. 1 $ 
& ttz 12250. 4130 81A. 
Thug — tw 1750 3305 = 216 | 
its, u = 10500). 630 = 24 — 21 (0,06 = 
Then 1: 0,06 :: 100: 6.the Rate required. 75 90 
J a 700 


— — 
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lion 3. The Parſent Forth of Annnities or Len- 
ons, &c. Computed at Simple Intereſt. 
The Buſineſs of Purrhafing Annui tie s, or taking of Leaſes &c. 
or any aſſigned Ir me, depends upon the True Aguatixg of the 
yinci pal or Money laid out on the Purchaſe, with the Aunuity 
r Yearly Rent, by allowing (or Diſcompting) the ſame Rate 
tere ſt to both Parties. Which may be eaſily perform'd by 
luly applying the reſpective Theorems of the Two Laſt Sections 
gether, As will fully appear by the following Qze/?t07.. 
Queſtion 1. What is 751. Yearly Rent, to continue Nine 
Fears _ in ready Money, at 6:per Cent. per Annum Simple 
of PSA pre SAGE I IO PER e 
1. Per Thebrem 1. of the Laſt Section, find what the propoſed 
early Rent would Amount. to, if it were ferborn 9 Years at 
b per Cent, 5 ET 
Thus '2.=55 g. And R =0,06 Quere 4. 


* 


u = %; Then 2) 5400 (2700 Yn; 
tu = 675 8 Nas 5 Multiply 
e — 5400 . 
| A= = $37 =4 


2. Then by. Theorem 2. Section 1. find what Principal, bein 
ut to Intereſt for the ſame Time, and at the ſame Rate, wi 
—_ to 837k = A. 2 58370 1 

us fA — 0,84 = 9x0,06 . KIZ, 5 7 55064 = F. 
That is, P dv Dr 103. 110. Which > | = Wat * A 
Tear, as was required, Ay 
From the Work of - theſe Two Operations, (duly Confider'd)) 

muſt needs be Eaſy to Conceive, how the Two Theorems by 
ich they wete perform d, may be Combined in One. 


Or —— 6 A. And 2. PIR + P= A. 


lnſequently PrR ＋ P A And from this 


Equation may be deduced the following TE omg 
Theorem 1. J IN. — f- p. Orr. N= 8 
y * HR+2 ee 
By this Theorem all Queſtions of the ſame kind with the Laſt 
(viz. that above) may be caſily and readily Anſwered av one 


Operation. ; | 
K k 2 s. 


700 


_— 
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Algebza. Patt! 
2PtR + 27 *R+ 1 2 J 
Theorem 4 RRE OHR NR. . * 2 PN 
2p — 21 we, en 
| m mp R L244 
14 I= x. Then will it + N 1 22 
R 2 ka „ 
Which gives this Theorem 4. fas 1 2. + = =? 
By the Second and Fourth Theorems, Two very Uſeful Qu 
7025 may be cafily anſeerd. . 


I. As for Inſtance : If it be required to find what Annuity, 
Yearly Rent, 8c. may be purchaſed, for any propoſed Sun, t 
continue any aſigred Time, allowin any Rate af Intereſt, 

This Queſtion may be Anſwered by Theorem 2. 


2. Again : If it be required to find how long any Yearly T7 
Pg or Annuity, &c. may be purchaſed (or enjoy d] ſ u 
propoſed Sum, at any given Rate of Intereſt. _ _ 

All Queſtions of this kind are eafily Anſwered per Theorem 4, 


In theſe Queſtions it is ſuppoſed, that the Purchaſer or Ven 
Rent, is to Commence or be immediately enter d upon. 
if it be required to find the Value or Purchaſe of an Annuity 
Yearly Rent, Sc. in Reverſion ; That is, when it is not to. 
Enter'd upon until after ſome Time, or Number of Years are pal 
Then you muſt firſt find what the Sum propos'd to be laid ou 
in the Purchaſe, would Amount to, if it were put to Inter 
during the time the Annuity, Gr. is not to be in preſent Pdf 
ſeſſion ; and make that Amount the Sum for the Purchaſe proceec 
ing with it as in either of the two laſt Queſtions, &c. 

ote, From the Firſt Queſtion of this Section it will be eaſy! 
Conceive how to perform the Æquation of Payments, betwtt 
Debtor or Creditor, at any Rate of Intereſt, without doing i! 
Damage te either Party. .... anna 

That is, when. ſeveral: Sums of Money are to be paid, 4 
ſeveral different Times, to find the Time when all the Payment 
may be truly diſcharg d at once: As if one Sum were to be fal 
at the end of Two Months, another at Six Months, and perhaf 
a Third Sum at Eight Months End, &c. And if it were requi'* 
to find the Time when all thoſe Sums may be truly diſcharged 
one Payment without Loſs, (gc. | | © AP 


Theorem 34 


b 


i 1; 
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--C H A P. XI. 

Of Compound Intereſt, and Annuities, &c. 
Compound Intereſt is that which ariſes from any Pri uci pal and 
Intereſt put together, as the Intereſt ſtill becomes Due; fo 
xt every Payment, or at the Time when the Payments became 


xe, there is Created a New Principal; And for that Reaſor: it's 
d Intereſt upon Intereſt, or Compound Intereſt, 
AN 1 nne N . a . 


s for Inſtance; Suppoſe 1007. were Lent out for Two 
urs, at 6 per Cent, per Aunnum, Compound Intereſt : Then, 
the End of the Firſt Year, it will only Amount to 1061“. As 
fimple Intereſt. But for the Second Year this 1061. becomes 
pal, which wiz Amount to 1127. 7s. 2:4. at the Se- 
u Year's End, whereas by Simple Interect it would have A- 
nted to but 11214. 1 | | 
ind altho' it be not lawful to Let out Money at Compound 
elt; yet in Purchaſing of Annuities or Penſions, Gc. And 
ns Leaſes in Reveiſion, it is very uſual to allow Compound 
reſt to the Purchaſer for his ready Money; and therefore it 
& requiſite to underſtand it. . | 
Section 1. . Compound Iatere ſt. 
P = the Principal put to Intereſt. 8 5 
t = the Time of its Continuante. As before. 
A = the Amount of the Principal nnd Intereſt. ' 
i= the Amount of 11. and its Intereſt for 1 Year, at 
. any given Rate, which may be thus found. 


100: 106: : : 1,06 = the A mount of 11, at 6 per Cert. 
I00 2-205 3 2.1, 32,05 = the Amount of 11, at 5 per Cert. 
bon for any other afligned Rate of Intereſt. 


if R— the Amount of 17. for One Year, at any Rate. 
RR the Amount of 11. for Two Years. 

RRR = the Amount of 11. for Three Years. 
AS the Amount of 11. for Four Years. 
R5 — the Amount of 1 . for Five Fears, Here t =5 


I: RA R: Mi: RR: RRRE NMR: R R: R: &c. in . 


3 one Pound : Is ro the Amount of one Pound at one 
13 


l 


ty Year's End:: So is that Amount: To the Amount of 


one Pound at Two Year's End, Oc. 
| Whence 


—_— - 1 * _ - 
_— . 1 ——— 11 — = -» 
—— — 


. 
— - ——-—- 


2 5 9, "Gon Eo r — 


2 


— — 
oy of 2 


— — — —— _ 
=_ 


2 — — 
—_ 


— - — CT éðè—'0ʒaů——3ů3——— EU• 1———— T— ̃ĩ— 2 — 
- 
— * 
— = 
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wy 4 — : po 


| 
| 
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Whence it is plain, that Compound Intereſt is grounded 
on a Series of Terms, Incteaſing in Geometrical Propgy 
Continued ; wherein # (viz. the Number of Years), dog 
ways aſſign the [rdex of the laſt and higheſt Term. 
V:z. the Power of R. which is MR. |; 


Again, As 1: Kt: : P : PRt = A the Amount of 
the Time, thar Rt — the Amount of 17. wh. 4 


As one Pound : Is to the Amonnt of one Powntfy 
That is 


giver Time :: So 18 any propeſed Principal (or Sh 
To its Amount for 5 4 fame Time. * F 


From the Premiſes, (7 preſume) the Reaſon of the fil 
ing Theorems, may be very eaſily underſtood. 1 
Theorem 1. FRN A As above. 

From hence the Two following Theorems are eaſily deln 


Theorem 4 = = P. Theorem 4 5 = Rt. 


By theſe Three Theorems, all Queſtions about Comp 
Intereſt, may be truly Reſolved by the Pen ly, viz, wit 
Tables; Tho' not fo readily as by che Help of Tables, Ci 
ted on Purpoſe, As will appear farther on. v2 0 


Nueſtion 1. What will 2561 , 1cs . Amount to in 
F. ears, at 6 per Cent. per Annum. Compound Drereſt. 


Here is given P = 2565 . tf 7. and R= 1,06m 
being involved until its Index = t (viz. 7.) will be 
A? 1, 50363 PR 7 ; 

Then 1, 50363 x 256, 5 = 385,6811 = A = 385/. 13. 
which is the Anſwer required, Ot a e 


Nueſrion 2. What Principal or Sum. of Money muſt le 
(or Let) out to Raiſe a Stock of 23851. 135. 71 d. in Seven l. 


Here is given A = 385,6811 K — 1,56 and t = 7 To fi 

by Th-orem 2. | 

Thus Rt = 1, 50363) 386, 6811 = A(256,5 =P. 
That is, Paz 256. 10s. which is 90 Principal or & 

was required. 33 Qu 
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Fueftion 3. In what Time will 2561. 10s. Raiſe a Stock 
Amount to) 3851. 13s. 7:d. allowing 6 per Cent. per 
un Compound Intereſt ss | 

is given P 256, 4= 3856811 K 106 To find 7 
he Third Theoreiny Rt =p 5522 = 1,50363, 

hich being continually Divided by & — 1,06 untill nothing 
in. the 7 105 11 will per 

$ 1,06) 1,50363( 1, 41852 1,06) 1,0041852 (1, 338225 
1,06 ) 1,3 8225 (1,262477. 224 70 on untill 7 be- 
1,06) 100 (1. which will be at the Seventh Diviſion, 
fore it will be r = 7 the Number of Years required by the 
HON. 858801 1 | 

uſtion 4. F 2550 . 106. will Amount to (or Raiſe a 
t of ) 3851 . 13S. 74d. in Seven Years Time; What muſt 
Rite of Intereſt be, per Cent. per Annum. 

s given P 256, 5, 4 = 385,6811 and t = 7 Quere R 
bum g. I f Ar = 1,50363. As before in the Laſt 


jm. And if Rt R = 1,50363 Then R = . 1,5036 
h may be thus ExtraGed. oY N 155 
but] 1] 7+ e = R Then 

&7] 272+ 21% þ 217icve = R= 1, 50363 
-=1"| 317% + 8 : 
re ＋ 352 = 7 =D 

Let» =1 Then D = 0,0719 


m| 4 
.| 


102 7 = 1,00). 0,0919 (o,o De 
T3 = ,18 708 


Diviſer 1,18 (11) to be rejected. 


Firſty = 1,00 _ 
+ e EO Pres + mY 


1 : 0,06 22 100: 6 The Rate per Cent. required. 


rT3e 


irt Three Queſtions may be much more eaſily per- 
h the following Table, which is only tlie Ain of 
und for Thirty Nine Years. | 

That 


Que 


+5 „„ „% wwe wa ct 


256 "Algebra. 0 Fa 


8 — — r „ Ml. —— tt. 


TUE, of K M. RRR. TITER and fo on wh} 


. 


— 


I The Amounts | & The Aa NI Thea 
I | of it ar6per |- of il. at s per] I bal 
f Cent. &c Com- nt. Ke. Com- ſl | Cert gs, 1 
'!! { poundlntereſt, | poundlutereſt. * | poundlne 
— — ww | 
x | 1,06=R""' . | 13 2,262g039557 27 £82236 
Wer - 1,1236 RR 15 | 2,39655$1931. 28] 3,1118866 
| 1,19101 R — 29] 5,41838/%50 
— 4 1 „26247696 1162 , 2,53403516347 30 34 
* 13382255776 17 2,0927727857 | = — 
3 — 18 2,8543391529|. 31 5e 
6 1,4185191122 19 3,0255995021 326, 45338665 
7 15030302590 20| 3,2071354722 + 6 $4051! 
1,593 084 90745 e 34 7.27102 
9 56894789590 27 | 23995536005 | 35 7.686086 
| 22] 346035374166 | —— 
10 j 1,7908476965 
2 — 23 3.81974966 16 36 8,1472510 
11 | 1,8982985583 | 24 4,0489 346413] 378,560 
1 2 | 2,0121964718-| 25 4, 2918707197] 38 9,1542 
1 3 0 21329282601 26 4,5493529629 39 9,7035070 


The Title of this Table ſhews its — and its Uſe 
eaſily appear by an Example or Two. 3 


Example 1. What will 3751. ICS . Amor to in „Nel 
at 6 per Cent. per Annum, Sr. 

The Tabular Number againſt 9 Vears is 1,689, 79 W 
being Mulriplied with the Principal 375,5 will fi 
6343993 Sc. viz. 6341 , 8s . fere, bang. the Amout 


Anſwer required. 


Example 2. What Principal (or Sum) muſt be 1 to Int 


to Raiſe a Stock of 6341. 8s. in Nme Years Trove, af . 
Cent. per Annum, &c. 


If the propoſed Stock, (viz. 634,4) be Divided by the 
bular Number that is. againſt the given Number of J 
(viz. 9. ) the Quotient will be the Principal or (or Sum) rei 
V:z. againſt 9 is 1,6894790 


Then 1,689479) 6344) 37555 = _ 379 105. the | 
cipal (or Sum) as was required. 


Example 3. In what Time will 2751. 10s . Rai a $I0 
(or Amount to) 6341 . 8 . at 6 per Cent, 'D 


— d Interel. 259 
ag En 
125 rr Ka. this Number being 


up- 12 
Divide che Þ 
Tvix. nr 575 0 00 


ENCE 


Hen 8 
bt if the Quotient Ae Kan Found in the Tale , 
ae Number IAI 1 — jy by — by 
ee . —— fog 2 — 
** 1 7 wther COLOR: At: 1 the þ gr 


h Seil _ . 


* a nil]. 5631. Anonet: 56 Bol at 6 ger Cen 
dan; 1110 bn 


wer. In 7 tan anda 


Amount to 99 L 


If the Stock dy. ma Trme be given; FE Rate 
Intereſt will he-beft found by Oe Wont bot, To As 
we in the Fourth tion. 


uae next Thing chat I. ſhall i is to make this 
lie {which is only Calculated for the Rate of 6 per Cent) 
7 U tel for all che — e of my on 3207 0 
Y prefume to ſay, ' ts a New * 44a of my own, - 
Ly nn nk was Publithed and not only 
B ſeveral — RD tie & wan im- 
ible he Mer done. 1 hy 
ethod d rming it is thus, x = 
ce DE = the Amount of 44. for ohe 
* the Table) and any other propoſed Amount 1 1 l. for 
n admits of Two Caſes. | 


7 3 I the ths * Raw he Greater an n, 
il R * = the true Amount of 11. for one Year at 


Rate. 
| L I O Caſe 


FA de, Ur. aahs 5 Nunber h th 


5 = 


* 


— — 
Caſo 2. But Ei ak, 
their willde & with Ae Se I) 

t — 12 but ip Fo Iz 

Make Ain = goto = m7 127 So 
„ Then will R WI 2130 . Uh 
Amount of 117. at the given Rate, for an 0 
In Cafe 15: i Len Pim 59 d e e 9 THU 
„And at Rx * Ne ax Ana 
of 1.4 inQaſe 24 ce ax \ 8 17 care, O che lun * 

Which is no more but This, Let R pl * Or 2 06 i 
ae is) be : Involved (as) directed in Se. 5. Chup.'s) 
the ſume Power or Height ias the Index the 222 ne 
the Queſtion denotes: 5 all the Powers r above! 
Or xxxx at moſt, as uſel 

Then multiply thit Power of R T Or R = '# 
given Principal, and their Product will "'be\'the Aibbl 


reer; or Two in each Caſe will render all Eaf;”7 
mple 1. Supp 2 it e. Yequay -what'2 
would ops to in 27 e Ve, 27 8 4 per At 
Campourd [niereſt * — . 15˙.) Pre 4 80 ! | 

11 co Sri nk. i; 
Firſt 100: 108: : 1: 1,08 the Amount & 1 l. at 670 


Next 1,08—1,06 =0,02=x.\And R + x =71,08 AsinCi 


Then: RI + 15 R * + TE R * RP xn is 
Amount of 1 7. or 15 Years, Sc wo? WAS 


5 e o v8 S, ooo. and u = 000 
re) x 2 <A <A 3o\ ©. By the) Fable RS = * 
A wal 15 = 2, 260904 X 15% * ,02 . | | ' == 06 


* 
FE vo 1 * 


105 R. =:2,132928 X 105:x 30004 \ © © '=008 


455 U ere * 455-xz000008-. = 0,09 
i 41 :A dog uu, n b eee 
Then 3.171736 * 256 ee 
That i by, 81 1 8 2d K . Wann is the Anſwer a 
quired-. L900 VR Sar) £549 e 
2 'F 7102 i 19 wy 
Example 2. hat will 3651. you to in Ses! 
al Kauer and d hal, per Cent, Bc. 7,14 9113 9 
., [Firſt 100: 13045 :: 1: 104, 5 the Aout of 11 
per Cent. 
ON o 14 


| eee 


C Ar Rs In 1 8 — 
nou nt Je 4 4 4485 


l az "ot 22 = 7 
Br. the 2 8. =hk 1227 3 


u Fs 2 + 8 

214 ings ee IH viz 
2 A A els = — 2,3608 88 x 
lle 1,360868 X 365 = — 46, esa = =4 if 35 — . 
ut is 496 J. 148. 344. is the Aber required 3 
f the Reaſ, o of theſe two Operations be but well underſtood, 
nill be very eaſy to Conceive how to find P, the Principal, 
having OY & given eee e 


N en by Ret Te de Foce ot 


2 der erte lu. 3 1 


KICIOTE 
1. . 


l; YL 44 * b - —— 9 | | Aan Ir 2 
if A, F , apa 1, be'given, vey 


. 17155 +38 xxt+ mire iS) This-Aguwarbn 
3 8 60 in 25852 20. 2 2 hen wile be found.; 


= 


Kate of e 


4 dal err the W. 225 OG to P * Le 
Wice, ſup e to ſhew how all Queſtions « : 
ted by 


ind that ze þ whole Years inay be Computec. 
+ * Time given or ſought be not 42 Fen ay who ; 
vs, out by Peel] uths, Quarters Ot. ear, ICC, 
dying bat Que 225 the beſt Way wall de to Reo Ae 

b of a Year into. Days; that done, find an Auſwer 3 
© the Demand of the Cue ſtion. ( and agreeing to I & as be- 
) for thoſe Næmber of Days; and in oder 30. that, it will 
quiſite to find the mount of 1 I. for dne Day ( as in my 
Pendium of Algebra, Page 110) Which ſhallttere inſert. 


S the Amount-ſought, then it will be 


Giataalrfab tant; 61k pore to 335607 
N Lt in 300000 IT That? 


aw ih.” aA 


4 22335177. Ma 12 2 HD 10 Page 


0 3 . 
is that Amount : oe wt; Tir 

fo is thi of Tio Days :'Þo e | 

| 2 V 19 M7 994 


o on i to 


Then the lun of tlie Tei ib wit e 708 1 


Pu 1 8 „n Kr x 
1 & 364 2 f 1657 664 32 
5 dae 45 . 7 7555 8 1,06 | 
1 0 = For =ope =D A 
— Dr A77 #2 x 88888 cel 0 
8550 per 7 (16 Py Y 
5 bh N ON 41 


Fog —_ 3532 . Fuftr=x . 
aol __ | 2 e cen, 


4 A e 
it e W Then 


2, in Numb. 7 10602 3 18 . 286,887e + * 
Af I oe pears that 7 — 
"Therebbre | E — 3 r eng 
8+... GY 1 e881 0 on 
92 110 85107 a Tabs 1903550) 
2 .\ Ir . ES 13985; 11G! 1 
9 25010 0 rr cf 3 TL, . 0 
Oper ti 55594953) e (eau | 
ack ee 164590 HAS wr | 
2855 6 oOοοο = 
219800 | | * 6 g 
I a | 
eee, WO W—-5 110 8 
ee, "2280 f 1 80 | * 
2219 K. 


. ˖ 4 —- * 
Whith being * 8 0 a Third Dons it's 
be a= 1,000159653587453 &. 


mwy—_ 2 96＋R̃ 22 
3 


if 1 J. be Sah ſtrated, the Remainder 20001 


5 
. 


jar 0 


To 
Mule. 
pi © \ 194 4 + TT > | © 4» 2 þ EF 2M. e 


cee mr T 

\ LL Crabb a —— CY — — — — 
1.500 172026 26 1, 041592879 f 10081749166 
1,0003 193326 271 1,0043196055 || 52 1, 0083358753 
1,0004790372 [28 1, 0044799487] 53 1,0084968557 
1,0006387673 | 29 £,0046 3175] 54 1,00865786095 
1 1288734 eee 55 | r,0088189057 


7205557300 J 1,0049611320| 56 1,0089799673 
1 1,00 1118 T 07 22 e 57 1, 09141545 


r 


— 


— 


Nenn 


1. 00 12779426 33] 1, 052820488 58 1, 093021675 

1001437802 34 705442547] 59 1,4633063 

1,001 5976824, 1 1,0056030682| Go 60 , 1,0096244707 
— nenn 


10075 0017575920] 36 ee or 1009s 
: 1001917262 371 83924750“ 62 1, 099468767 
13] 1,0020774859 0 847895]; 63] 0ees1184 
91 1,0022374712 | ,39] 1 12 1 8 

1 
40 7, ,9064060653 


4111 77000 0666 66 I 65105919978 

10067224436] 57 0107533424 
| | 1,607888171% 68 10109147128 
1,0070489245 69] 1,0r10761090 
As] 2:9072997635} 72] 1:2112515309 


40 1,007370508: || 71  2,0113989786 
$7 16713133860 726113664521 
1 e 73] 1,0117219513 
Ml 100183872 4 720 1,7 8335762 74] 01883474 
8 — 01 20080139835} 73] 101204507ts 


A. — — — 


| 64] 1, 102693858 
1 10104306789 


|: 02397482 


, "0025575184 
fr. 02175803 
81 0028976679 
gl 1,00 30377808 
| | 7,9631 19031979193. 


e 
10858782832 2 
23 1,6030 78 85. 


ap 12. Of Compound Intereſt. 5 
Value of 'a is che Amount of 17. for one Day from 


bac Jo 1 of . far one Day. 

7 A ip lied into err theſe, the = | 
a ow rel lhe the bee Intereſt of that Princ id 
| Ent, Kc. Kieser 


viert ( or Tatereft) 4 1 5. Princt pal” or Sum 


be eaſily computed for any. Number of Days Leſs chan a 
. i have: be re inſerted the fallowing Table, which with a 
240 of Card f (and I believe Zeacia fi is Calculated from 


+ Lat found ( 000 87453) Amount of 11. for one 
; "ls ee 275 Table” on the Amonyts of 


—— 


„— Ao 


* 
* 
0 4 
THY 4 . * a vo "oO oeIngy 4. ++ * 1 
: 
4 4 


0 


10 122066039 
150123682062 
1650126298344 
150126914885 

130128631683 


10130148739 
1,0131766654 
4130133333027: 
841, 135001468 [12 
851501366 19547 U 


FY 
_ 


ERR; rene | — 


150138927895 
+ 988585 — 
. 1014147536 5 
1, 143094488 | 


| 1,016 727 


1,01 65789370 
51, 016903 5638. 


150 14471 17 


ese 


1 5014795 8 


ene 


| T—-| 
1125133323559 | 
11,015 6056781 

„0157678232 | 
1,0159299941 | 
1016092 1910 


—— = 


10162544 


1016741227 


—— _—— 


[ t,0170659161 
1,017228 2944 
1,01739920985 
1,0175513286 

10177155840 


10178785865 


4,018366680 


7146333771 


1129149573565 | 
'9 1,915 1193981 
516152814655 


0180405744 
1,018 20310831 


= 


| \ 


10185282578 


2119667 
31. 01982 98761 
| 1,0199926934 
10201558389 {1165 


28 1 020644? 19 


| 1.02113 


11021452397 
219486067 


110222748982 


1022927 
oz zog 120 


ö 1, 0237447 4 
| 101.3908 
| 12871277 405 


| 102475 


2,0886330 


10190161667 


11820 6 
— 8349 ö 


170795547161 


1,0 203184110 
15020481 3084 |: 


10208071814 
1.02092 


1 


1,02 12 


10216223193 
0217854250 


1022117144 


1, 0224381061 
1,022601.3449 


7022754 
051 


1,0233545483 
1,0234179 748 N 


16235813 5 


1,0242351372. 


I, 2 N 


10245622089 


we 


| 1025052512 


182 


163 1016352770 
164 1,0652613 


1505 344870 
I ,025 3077647; | 
160} 12253715806 2 


14,0603 551471 
2,0261991 364 | 


| 


165 1,036690724z 


166 7502600677 
167] 1,0 2776277 
168,7 
169] 1,02734653k 
179. 1,027 log 


171 ee 
1720 t, 02270 
173 1 n 
17411 o28 1600 
175 92833104 
rr 
176 e 
177 100 
178 1, 02882365 
o[.1,0239878 137 
L 2 
; Sol | 
0294906 f 
10286410 1 


1 60 dec | 
[1,02997390P a 


„ 


—. 
571 0399610301 


192] 1; 114% 
1 6312902400 
6 10314548917 


I; 02488 446 


| 1981 1,0361t LF 


on 7 
. 


— 


| 


4 4 — 


OO IRE — 2 


K 


— 


— — 


0 


1 


25 


y 1 


J 1 E ZER 


- 
0 


—— << - * 


Sede 

25319689990 
10321137524 2 
1,0322785340 A 


1 12255 22870 
272 18357685277 
1,3375 


1} 10357450115; 


1.036241 


27 13857210776 
10365375701 , 


wel. 


2. 
n 


1:032463 3440 


1,03 3.10283 


10334327354 


727 


18 


| 1,03491 


110350838738 
1,035 2490887 


1,0354143699 
1,0355796775 


19259103719 
2222 


1,03 640661 1 6 


10369030889 

1,0 370686342 
10372342059 

— 2998041 


70375864287 
10377310798 
9328287773 
1,03 806 24612 


— — 


10382241916 


1,0326083942 247 | 1 

40327730339 = 211.0 

18772228121 5 203934488786 
2 g 


1032267 7706 25 


1,033597226 | "247 


: ZR, 


719 | 


5249 1,055 


720. 


77 


10427129278 
10428794007 
10430459001 | 
4,0432124261|]: 


97209363 
9 


1, 0400 2 
1187881755 
104.038 


10607 TIE 


1 backs, 
4,041 04 9851 
504158674 
8 
10445483618 


0417146485 
t, 0418809820 
1040472021 

1,042213668 7 
1 0423800618 


— En” CI 
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Of — e 
| | Amount te 11 5 


1,0425464315 


1,0433789737 
1,0435455579 


1,0438787961 
10449454551, 


120442121407 
1044378852 
1044545591 
1,0344712 3572 


10437121687 


1, 044879 1493 


77 | 1045212 


= 


| | 1478 


— — — 1 
1849257703 


10498953132 
1500629327 
10502305790 


1050565 
| 1,0507 336786 


a . — 


ä a> ga 


7 276 14504; 680 
1 


25 


© JE 
71945 744 


14469. 
25 
10678859643 
LO 82257080 

1. 0482205 85 


— q__— =_ 


| 10483879407 


Fs 1,04755 


[| 19485553196, 


10487227232 
10488901 576 
1490376166 


10493926150 
r,0495601543 
11,0497277 204 


10503882521 


1,050901 4320 
1505 10692121 


1,05 14048529 
150515727134 


»Y 


8788 


150512370191 | 


— — 


* 
a tt 


Days 


- wn — — 


— f I momma N 
216 1:0517406008 29110 


— — 
17| 105 190K 150 f 
2 175245 112 A 


30 * 0 

ENV | > 
IEE 5 772 
8 5 


| 5440 | 
389: 1,0797 1312 P. 2g 
Jr = Is 1 


5 
| E Hes! Ef 1,06. Yi 
\, The uſe le of this rar > is in a miſts dike har of 
Amount of any given Som wt 
ire umber of I Leh char a Year: wp 011284 
Example I, Suppoſe it were require 10 ud the 4 
Hopes) uw wane r Cent. 11 
The dmowrt of 11. for 210 Days is 1 228 5 Kc. far 1 


Ten 1,0340928 x 7 = 119% a 
5 375 Ha edi 367 


And the reſt Py * Variations ma oed 105 
thy: Exanples whole Years. . af be ge 

But if che due given coutifis of Years, and parts of a% 
Ay Quarters, Monthe, Gt. Then Refluce the Odd Tim 
pa cts of the Year into Days; and the | Anſwer may ih 
bot nd at Two On As in the oa etal 


339] 2.058 

332 ER 1 300 

333 i 8545987903 

334 105767 1608 

222 0545335782 
— — 

+336 75551035824 


337 | 1,0552724336 F 
133581! 1.0554409119 


1703 7 
110 It 


112 


4 
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ople 2. Suppoſe it were required to find what 2651. would 

Amaurt 40 in five Years and 135 Days at 6 per Cent, Se. 

* unt of 11. fer 5 Yearsis 1, 338225 Gr. 

in the Amount r 11. toe 135 Days is 121785 c. 

Then 1,338225 x 1,0217856 x 265/. = 362,355232 Ge. 

eing the AR or Arſwer required. Fees 4 

Or, if the Amount and Time ate given, To find the Princi- 
Then Multiply the Amount of 11. for the Years, and the 

Wnt of 1 1. for the odd Days together; And by their Product 

vide the given Amount, the Quotient will be the Prigct pal re- 


* 
rec 


ample 3. What Principal will raiſe a Stock of 3621. 75. Id. 
v 362,3552321. 18.5 Years and 135 Days, at 6 per Cent, Gc. 


(51 2 f Vears is 1338225 Sc. 
ne Amount oft erg 135 Days is 121785 Se. 


Then 1,3382256 x 1, 021785 = 1, 367378 &c. the Diviſor. 
x 1, 367378) 362,355232 = 4 (2651, the Principal 
Again, if the Principal and its Amount are given, To find the 
ine, at 6 per Cent, &c. 12 muſt divide the Amount by its 
rincipal, and then proceed as in the Third Example Page 256 
the Anſwer required. 41 me 
But if the Amount and its Principal, with the Time of its 
ung an Intereſt are given, To find the Rate of tereſt ; Then 
wceed as in the Fourth Queſtion Page 255 Ge. 


all Rates of Intereſt, ( as. before ix that for Years you muſt firſt 
id the Simple Intereſi of 17. for one Day, both at the given 
fe, and. alſo at 6 per Cent. And call their Difference x. 

Thus, ſuppoſe the given Ratio were 8 per Cent. per Aunum. 
ut 100: 8: : 120,8 Andioo :6:: 1: 0,06 the Two 
ape Intereſts for one Vear. a of es | | 
Then 365) 0,08 60002 1917 Oc. the Sim ple Vatere ſt of 11. 
t one Day at 8 per cent. | | 

and 265) 0,06 (0,00016438 Er. the Simple Intereſt of il. 
4 one Day at 6 per Cent. . Is : 

Their Difference 0,00005479 = x which may do indifferent- 
nel for ordinary ſmall Qzeſtions ; But where Enactneſs is re- 
Ured, it will be convenient to make Uſe of this Proportion. 


M m | Viz. 


Now in order to make this Table of Amounts for Days, uſeful | 


— — CCI, 
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ä 


55 the Simple Intereſt of 17. for one Day At 6 per Cent: 
Viz. 


Is to the Tabular Intefeſt of 11, for one Day: : 80 f 
the Simple Intereſt of 17. for one Day, at any gin 
Rate: To a Fourth Number. ere 21 


That is, o, ooo 16438: 0,0001 5965 : : 0,00021917 : 0,0002124 
Then 0,00021286 — 0,00015965 — 0,0000532I =x. 


This x being [volved with the reſpective Amounts for Days, 
the ſame Manner as was done with thoſe for Years (vide Fa 
258) the Reſult will be the Anſwer to the Queſtion. _ 


| Seft, 2. Annuities or Penſions in Arrear; Cpu 
58 at Compound Intereſt. | 
When Aunuities, 8c. are faid to be in Arrear, ſee Page 20 
And I ſhall here make uſe of the ſame Letters to repreſent th 


ſame thing as before in that Page, ſave only that K is her 
equal the Amount of 11. as in Section 1. of this Chap. 


Suppoſe # = the Firſt Years Rent of any Annuity with 
PT he Amount of the Firſt Years R 

J _F the Anount of the Firſt Years Kent, u 

Then will . N its Intereſt; More the 2d Years Rent. 

the Amount of the 1ſt and 2d Ya 

And RRu R. TA == Rermts, with their [:tereffs ; More d 

| 2 3d Years Rent, &. 

Here RR#+Þ Ra-+u = A the Amount of any Yearly ken 

or Amity, being forborn Three Years. And from hence m 
be deduced theſe Fro portio7s. 1 

Viz, u : Ru : : Ru: M:: KRu: RRRu and ſo on in& K 

any Number of Terms or Years Denoted by t wherein the L 

Term will always be uRf—* PTY 


Conſequently A — ARK —"= the Sum of all the Antecede 
And 4—«= thc Sum of all the Conſequents in the Series. 
And therefore it would be 2: ARK: : A—uR*'—' : 4- 
Vide Page 188. | 
Ergo Au un . R. - une t which being Divided all by 
will become A 1 RA RC. | 
From this Laſt Æguation it will be eaſy to Raiſe the follol 


ing Theorems. 8 
t am 7f, TOP ö 
Theorem 1.4 = = A Theorem 2. RASA x. 
121 A 
T e 


ſap. 12- Of Tompound Jntereft, Kc. 267 
RAS tA __ : 


heorem 3. R*. If this Æquation be con- 


ally Divided by R, until nothing remain, the Number of 
le Diviſions will be t. See Page 255. 
h. Again? —R—R' === If this Eguation be Reſolved 


o Numbers, according to the Method propoſed in Ser. 3. 
up 10, the Root will thew the Value of R. 


—— = * — 
n — — — — = 


2 


Queſtion 1. F 30l. Yearly Rent, or Annuity, &c. be forbora 
E. remain unpaid) Nine Years ; what will it amount to, at 6, 
Cent. per Annum Componnd [ntereſt ? . 
e is given #==30 7 = 9 And Rx = 1,06 To find 4. 
Theorem 1. | 

R9 —1,689479 By the Table of Amounts for Years 


uy 1 — 2 — 2 P 
- lg” 7. — we. ms u- = — 
PPP 


5 - — — 4 — 
* = Y 
——— Þ 
— — — — — — — 
- — — 


30 


RS =50,684370 
<S=M; 


-1=0,06) 20,684370 (34457395 = 3444+ 145. 1. = 4 
e Amount required. 


Queſtion 2. Nhat Yearly Rent or Annuity, &c. being For- 
m or unpaid Nine Years, will raiſe a Stock af 34.41. 145. 91d. 
344,7395 at 6 per Cent. &c. 
lee is given A==344,7395t =9. And R 1,06 To find . 
Theorem 2. 

AR = 34447395 X 1,06 = 365,42387 

== = 34437395 

— 1==1,689479—1=0,689479) 20,68437 (30 u. 
Queſtion 3. Ia what Time will 3ol. Yearly Rent, Raiſe a 
Ick or Amount to 3447. 145. 91d. allowing 6 per Cent. for the 


wbearance of Payments. 

Here is given % = 30 4 3447395 And R = 1,06 
find t. Per Theorem, 3. 

Firſt AR 2 — A = 365,42367-+30—344:7395 =50,68437 
nd = 30) 50,68 437 ( I,689479 = Rt. hen 

=1,06) 1,689479 (1, 593848 And 1,06) 1, 593848 (1, 50363 
L fo on until it become 1,06) 1,06 (1. which will be at 
r Ninth Diviſion ; therefore t = 9. | 


Mm 2 Or 


268 


the Time required. | gt | 

Nueſtion 4. F 3cl. per Annum, being unpaid Nine Yea; 
will Amount to 344). 148. 9. —— 2-442 Inter, 
for every Payment as it becomes Due, at muſt the Rate | 
[ntereft be per Cent. GG. s LY ALY, 
Here is given 2 = 30 A = 3447395 And = 9 To. find | 


by the Laſt of the Four Æguat ions, Vu. NT * — Kt x= — 


1 
3 A Ee: 4 1 kv) E IS An | 
Firſ—= =; 437 2 — 175451317 And * =. :T0,49131 
Hence there is this Zquation 11,491317 R R =10,9131 


Let] 1 | erg Aud ſuppoſer = I... { 
_ I@S&9] 2|r3 + grit þ3wee= I £ 
1, in Numb.] 2 | 11,491317e = 11,491317e==11,491317k Wi, 
2, in Numb, 4 1 1,0000008 + 9,0000008. +3622 =R 
3—4 5 10, 91317 —2,491317e— 36ee =10,49131 
6+ | 6 |36ee = 2749131170 | 
6—36e] 7 le So, os &c. | 


As may be eafily Try'd by Ini 


Firſt y=1 L 3 41.0 
2 =1,06= ing it, aud Ordering it, 45 i 
Fan 1 1 . Xination.addve direct. 


. — 


Set. 3. To find the ozeſent moth of Annuities, Penſiqns, 
Leaſes, &c. at Compound Intereſt, 


Let Pg the preſent Worth of any Annuity, or Leaſe, & 
and the Reſt of the Letters as before. ET 
Then, from what has been ſaid in Section 3. Chap. II. abe 
Purchaſing of Annuities, &c. at Simple Intereſt, it will be e 
to Form tne like Theorems here at Compound Intereſt vix. 
Combining Theorem 1. Page 269. And Theorem 1. Page 2 
into one T heorem. 2 2 885 


| Te Amount of any Yearly Rent beingV 
For * — 4 L any 3 2 Theotel 
& —1 C1. .of the. Laſt Section. 

The Amount of any Principal or Sum Vt 

And PR =A put to Intereſt, for the ſame Number of Yea! 
(Per Theorem 1, Page 254. ed 


* - — 
« 
— 
ä A A — — 


9. 12. Of Compound Intereſt, &c. 2 


ce it Follows, That PR I] 


pkt 1 FPR. = ukt— u being the very FER A FJ 


* my Compendium of Algebra Page 112. which is there 


from the Conſideration of Purchaſing Annuities, or Taking 


uſes , &c. to be grounded upon = RA or _ Geometrei- 
proportiorrals | Continually Decreaſing. Thus = is the Firſt 


| Greateſt Term ; R the Common Ratto of al the Terms 5 


| Pis the Sum of all the Series. 


1 Re 2 1 


4 N * N IN hn 
Re 


he Laſt Tem Then will P— t be che Sum of all the 
tnteceden ts. And y — will be the Sum of all FR cg. 


. Therefore it will 


Or (in the fame Ratio) 2: 1 25 — 4 


Much 1 PRT - uRt= = #, As above. 
Im this ZE e may be * the following Theorems. 


p * 5 0 22 — . \ [ — ——— - 
er J. ; _—_ bots I i 74 RP 8 t 


Which Peing Continually Di- 
rem 3+ irs e =: ee {hi by Nil give 15 


NR. Re + *," The Reſolving of 


Waka wil Aifover the Value ef N 


Weſtion 1. J I is 30l. Yearly Bend. to 3 wo 
worth in ready Money, allowing 6 per Cent. baud 
eſt to the Purchaſer « 2 


e ö given 2 i. And 106 To find P. 
Theorem 1. Viz. = | Foro] = = = 19,9517 


30 — 19,9517 = 10,483 = u — . 


— — 
— — -11 . 


r 


: : T > 
— — 
—— => 
= —— _ — 
— — 
— 3 — — 
9 os 


r 


Cr ny ———————— 
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Then R— 1 5306) 10 2483 5558 9. 
* the Anſwer required. l | 


Queſtion 2. What Annuity or - Yearly Rent, to Continue Sew 
Years, ma = be Purchaſed for 1671. 9s. 5d. — 6 per Ce 
Compound Intereſt to the Purchaſer ? 


In this Queſtion there is given Px 167,4716 . 127 
And & 2 ,o6 To find 1 "ny the Second Theorem 
Firſt. PRtx R —= 251,8153 * 1,06 = 266, 92422 
And — FR. LN x 1,50363= 251,8153 


Then R — 1 =0,50363) .. 15,1089 (302 
That is # 30ʃ. "the Anſwer required. 55 — £ (70 


- Queſtion 3. How Tong may One have a Leaſe of ai Yee 
Rent, for 1671. 95. 5d. allowing 6 = Cent. Co ompound Inte 
fo the Purchaſer * _ 


Here is given P — 167,4716 . % = 30 Aud 101 
find t. By the Third Theorem. hs 
Firſt PFE # = OATS PR 719099 

177,35199 


Then 19,5753 10, Jog 
If this 1, 50 kk = R* be either Continually Dividii 
1, O6 = Runtil nothing Remain (As before in Page 255.) ( 
if it be ſought in the Table of Amounts for 8 &c, it! 
diſcover f — TY: which i is the true Anſwer required. n 


Queſtion 4. Sup oſe ne ſhould give 1671. 98. 5d. 
the Purchaſe of a 25 ſion, or Pati 52 ol. per Annum, 10 l 
tinue Seven Years ; At what Rate of een Cent. would! 
Purchaſe be made, allowi ng Compound Intereſt to the Purchaſe 


In this Queſtion there is ived, P=167,4716,% r 30 And: | 
To find R Per 7 RS 4 47 d 


The 4th Theorem in this Æguation 1 R + Rf — 


Which being brought into Numbers, fad its Root Extrafted, 
in the 4th Queſtion of the Laſt Sefton ; the Value of K will 
found 1,56, viz. K = 1,06. 

And then it will be, 1: 0,06 : : 100: 6 the Rate per Cent. 


was required, Th ] 
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efe Four Queſtions include all the Varieties that can be pro- 

d about Purchaſing, Aunui ties or Leaſes, &c. which are to 
"her immediately Enter'd upon, or in Poſſeſſion at the Time 
a the Purchaſe is made. M TO 

but ſuch Que ſti ons as relate to Aunuities, or a Taking of 
es, &c. in Ke ver ſion, muſt be Parted or Divided into Tus 
nd Queſtions, each to be ſeparately Conſider d by it ſelf 
Page 252.) As in the following Example. 

maple 1. Suppoſe it were required to Compute the preſent 
b of 751. 185 Rent which is not to Commence or be Enter d 
1 until Ten Years hence; and then to continue Seven Years 


r that Time : at 6 per Cent. Bc. Compound Intereſi - 


r Firſt Work in this Qzeſtiox, is to find what 751. per Aa- 
to continue Seven Years, is Worth in ready Money: as if 
mere to be immediately enter'd upon: And to perform that, 
is given % = 75 R = 1,06 And t =7. To find P. As 
ie Firſt Curſtion of this Scction. | 


i rtf = 4948793 And 75 — 49,8793 = 25,1207 


Y ww — 


ds 


R | 2 | 
ten, R — 1'= 0,06) 25,1207 = 418,6783 = 418], 14s. 67d. 
Anſwer to the Finn art o the Cue ſt ion. | N 

en the next Work will be, to find what Principal or Sum 
put out Ten Years, at 6 per cent, &c. will Amount to 
. 135. 644, Here is given A == 418,6783 K = 1,06 
t = 10. Tofind P. Per Theorem 2. Page 254. | 


us R19=1,790847)418,6783=A(233,7884—2331. 155. gd. 
0 Worth of 7õl. per Annum in Rever ſton, &c. As was 
JULI | 


W-zmple 2. What Annuity or Yearly Rent to be Entered 
In Ten Years hence, and then to continue Seven Yeasr, may 
Purchaſed for 2321. 15s. gd. Ready Money, at 6 per Cent, 
Compound Intereſt ? | | 


u the 1ſt Work of this Queſtion there is given, P==2323 ,7884. 
1,06. And t — 10 (the Time which the Annuity is not to 
Enter'd upon) To find A. Per Theorem L. Page 254. 


„FR = 2337884 x 1,799847 = 418,783 = A the 
| . Amount 


272 —Aigebza.. Pan 
Amount of 233). 153. * put to Vtereſt Du Tem, 4 
per Cent. &c. Then for the Second. Wk of the Qu 
there is given P == 418,6783. K = 1,06 . And 

the Time that the Annuity is to be — 'd ) T0 fn 
Per Theorem 2. of this Sectiom 


Thus FRA 6783 * 1 * 1,06 06 = = 667,95 
FER = 418,6783 1,50363= 6 295537, . 


CIS R. —1 2 25886259 15 MN 

That is, % =75]. the Yearly Kext required 
Theſe Two Examples of finding, P Nd 1 1 fully ſhen 
Method that muſt be uſed in Reſolving the Two Genera, 1 
indeed, the moſt, Uſeful Queſtions * 4 Annuities or U 
In Re verſion : And if there be Occaſion, either the Rate, at 
Time, viz R or t, may be found by a due W of ü 


1 n 


reſpective Theorems. 


Note, That which hath been deve iz the Tus Laſt, Sit 
about Annuities or Yearly Reuts, &c. at 6 per Cent. may al 


done for any Rate of fiene 


Rates ( viz. x) As directed in the Firſt Se 

Now becauſe that 
either by Quarterly or 
of Computing them by the Pen, may be 
ſome ; I have inſerted the following Tables of the Amount 


by 


Half T. 


A, by applyi 


early Pa 


17, for Each, n 


e 


the Difference of 
ion of this Chit 


ts and Annuities, &c. are uſually i 
s, and rhe Met 
ought a little Trad 


Amounts of 


E Annuities of | "Amounts FIT = 
Sas perCent. Ef at 6 per Cen E hee os 

=<| &c, Compound | &. Compound A &. Com 

8 Intereſt. = | Intereſt, ' | 5 Intereſt, | 1 
50255630141 1111,3777875592] 211,840 %% 
1,06 121, 4183791122] 22 1,898xg85\ 
10613365949 43460454127] 22/7, %% 
1,1236 _ | 1415036302590 24] 2,0121964! 
1,1568 170026151, 5480821017] 25 2.07168 00 
1,191016 ũ ꝶ 164938480745 26|2, 132925088 
1,2262 26026 17 2,6429670276 | 272,19 %%⁰%, 
1,26247096 18699789689] 282, 260939 
1. 2997995842 | 19] 1,7394250493| 29327743 
13382255776 20ʃ 1, 7908476965] c3 [z,39695810 


. 


— me eee eee eee. 0 
— 7 * n n , — 
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1 . Lo ' Quarterly. Amounts. F 


LO, Amounts of 11 - | Amounts of 111 Amounts of 1. 
Far 6 per Cent B at 6 pe Cent. 8 = |at 6 per Cent. 
1 &c. Compound (+ & &. pound T 5 &. Gompgund 
— — 4 — — — — — 
1014673841] 2115, 3578034938] 418171263199 
2 ie * 1,3777879 [ 42 1,8437995523. 
 3111,9446796634] 23 1433986040019] 43 1,8758460 509 
eee eee e 
511, 1254141 1.926153 


6]1,0913367949| , £911,46045481277," 46 1,95441 79853 
0114197350993 | 27 [1,4818853920].: 47 , 98 30968 140. 
1,1236 [ as 12565275 | 48 20121964718 
1,1400875335] ese 0 84886 
eee eee 
17371974 .31 [15799984203], 51 2,10 20816228 
12]1,191016; [ 32 [1,5938480745] 52 2,1329 282601 
175642838578] 187] $3 2,t6y3a65art 
1401, 2262260228] 34 |1,640969027 54 2,1959840483 
1552442194748] 35 [1 6650463253] 55 2,4282075801 


161, 26245696 | -36 |x,6894789589 |. 56 2,2609039557 
17]1,2810023527] . 37 [1,7142701133 | $57 2,294q080L123. 
1812997995842] 38 [1,7394250493 | 38 2,3277430912 
19] 1,3188726433 0 (147 649491048 | 59_2,3619900349. 
26 1,3382255776]. 40 11,7908476965 | 60 2,3965581931, 
Either of theſe Tables may alſo be made Uſeful for any pro- 
ied Rate of Interéſt; by making the 3 or 4 of the Difference 
the Rate = x, &. | | - 
As for Inſtance, Suppoſe any of the aforeſaid Queſtions about 


Iumities or Rents, &c; were to be computed at 8 per Cent. 
ff Annum. 3 * 
Then 1,c8==1,06=0,02==x for Yearly Payments; as before 
2) 0,02 (0,01=x for Half Years Payments. 

r 4.) 0,02 (0,005==x for Quarterly Payments. | 
Now theſe Values of x, although they are not really true, 
they may ſerve indifferently well for ſmall Rents ; as 1 have 
ay faid, Page 265. But if you would Work exactly. 

/ 1,08=1,0392304845. &c, | 

—4/ 1,06=1,0295680141 vide Table Page 272. 


Diftence = 0,0096674704 = x for 5 Yearly Payments. 
| + And 


— 


1 renn a &:t% 
| "Part vols 
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And = I, | 1515425 92 
: — 
Their Difference 8047524531 wont 

"Theſe are the true Halues df *, which being Aveo vi 
their reſpective. Amount 5 (deve Fw, 4, 8&cYa ZXecord 11 
the xe/tro requires, the Ruit will be the 
&c. Tde ite day be Ter ay ae Kot, ide Gr 


br ; 
"Now Hh 13 de (Ser Page 287; and $y ). 


8 „Tables tha date oy: fr all Fe te 15 


tereſt; be Fe Traue; yet it OR 6 to ib 
wie may N 11 rd [Pays Without 2 
"of ſeverdl Kate, 


wach far L intended fr vim 
; raclice. 10131 1 85 ig 110 
For it müſt needs be conkeſs d, . 
{Propoſe for any deſgned Rate of Intergft,' < Ae imueh ing 
eady and Uſeful in common Practice. And thetefo fi 
the Legiſhitive Power, have thought fir o 9 80 the Ke 
5 \ ind hae ſettled it 'by an AZ of Parlianei, 
ptr. 2 Tue therefore been at the Trouble Tun 
* title) to ealcylate the following Tables for that Ri 
but dont think it convenient to take the Tables, at 6 peri 
out of the Book, becauſe the Exainples are all Wired toth 
and not only ſo but they ma be found | Uſeful in the ti 
of Leaſes for Houſes, &c. For in thoſs Caſes," the * 1 
is always allowed more Rin for his, purchaſe 8 i 
the canon Rate paid opon che Loan of EW "TY 


z TT T TED” =» 


© S coow Oo r 
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— b. 12. Of Compound Intereſt, &c. 275 


ere Follows New: Tales of. 1 of one Pound, 
= Rate of Hays e T v e Intereſt; 
Jr re at ho FRAY 4 Hate | 


* J ele 14 
[ax 417613 44 
$3279483 

* . 

eee 33 ys 3854 

8] 147745544 | 34]. $425334797 

1818 1 1601536 

161889463 Fu 

u-[1,7003 3936 - 

11 85548 Al 


— 


The HEE Te Ha Ten 4 inane ul. Gr. — 


4 0 AN The 
mounts of 
g 5 850 


21 5 9 
22, 71033236 
231476257632 
28414,79585633 
251 8407013 


26 1,88564914 


1,1762) 16147745544 


1,18621264 | 17] 1,5x394132}. | 27] n 
6 10 r,$5132822] | 28] 1,97993166 

1,24552327] | 19] 1,58963338} 29 2,02882616 

1,27628156] | 201 1,62889463J | 301 2,97892818 


N a 2 by III. The 


2 — Algebzaa. Pa 7 
HE e * * 


Tel The Ie The 
E Amounts of of Amounts of #6 7 
Ty = 7 nin | 
11101227223 21 1,29194439 
2102469507 22 1,30779943 ; 
; 1,03727037 I 14-444 94, L ; 
411, | -F,34009 - 4+ 1171033930 
5106288585 142 1335654161 | || 45 Fry 4 
— 1 eres N 0 
6 | 1,07592983 26. 1,29318940 | |. 49 | 1.752576 
217 913389] J 27 11,396044151 | | $47 | 1,77498g5 
1,1025 28 140710042 | | 48 1 1,7958605 a 
91111603014 | 291 $;42420009 1-49-41 1,8 1789525 
10 1,12972632 3044184887 [ 405 


1141, 14359059 
1241.157623 


s "31 |1,459543538 J | 18676 
| A 13| 1.17183164 | 


1 321147745444 | 9211, den 


133 049550712 :23 | 1,99575000 

14 [1,18621264 | 1-34 1151394132 | þ 5% | 1.93229 4 

15 [120977012 | | 35|1,53252076 | | 155: | 1,95 592088" 

— — — 1 — 11. 1 
16|1,21550625 | | 86|1,55132822 | 5s] 1,975930 

37 (1,23042323 375 55803884786 I eee 

18 | 1,24552327 3811 5896382 | 5$| 2028921008" 

<4 1, 260 $62 4 : 60g 12 59 206370 1 

I — 40 [1 628 2 | | 60 —.— : 
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Tv: BL. — 7 the Jann Amounts © 


Kc. 


— 
my 
. 
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The 7 The 
. | Amounts of : 
11, 004074 12 HE 1,2063728 
4 1.008 16485 6 1 662469507 
101227223 102886981 | 
| 4 1,01639635] 1 1,03306155 3 


N OTE: The POR of one Pound 1 one © Do 
7,0001336807225. &c, (found as that in Page 260 ) But 
following 17 : I take only Nine off thoſe F wed, 17 5 
ſofficient in Practice, for Computing the 7e er of 
not 1 One Hundred Millions of Pounds, 


0 © 
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r "Of Compound | Jateret, = 277 
*. The Table of the Daily Amounts of 11. „ 


1 1 
"The 2-1 "Tie {1 Bi Te 
os of| |: Fl! Amounts of | {= | Amounts of 
11. &e. 84 1. Kc. || 1}. &c. 
1,09913368 |. | 365482275 71100952587 
50025738 | 32004958 [ | 72] r,00957082 
z|1,00040tog |- | 38[1,00509245 73 | 1,009$05 79 
1,00053433| | 39[1,00522681] | 741 1,00994079 
5 | 100066858]. | 40[1,00536119. 75101007579 
75508025 [47885475 | | Tel Totes: 
10093614 4211,00563000] | 77] 1,01034587 
$[1,00106994| | 43 [100576443 73] 1,01048093 
1,00120377 44 | 1,00589 388 79] 1,01061602 
10013376 x 451 100603335 | — 1,0107512 
00147147 46 1,00616784| | $1 1,01083623 
100160535] 47 1,0063023, | $82| ,01102137 
1,00173924| | . 48 | 1,00643687 ' $3] L,o1115652 
1500 187315 E 1,0657141 24 1.01129169 
1,00200708] {| 5o 20087097 835 1.01142688 
50014103 51 006845 | 85501156209 
5227 00 52 12000973148 _  87]1,01169732 
1,002408g9 | $3]1:007109754 881,1 183256 
19 1,0234299 | ' $431 00724438] | 89, 01195783 
2 10026 7701 eee 1210371 
Ji 1,00281 105 3581007513700 9111,01223841 
u11,09294510| 5700764839 92 1,01237372 
3,0007918 38100778309 93 1,0125006 
24100321327 591,00 791781 | 94 | 1,01204441 
511003347331 | 1852330 |, 95 1,01277978 
6 50034811 61 1058187371 oö 1,01291517 
1,0361565 621, 083220814 97 nee 
109374982 631, 00843687 | 58 1,013 18600 
00388400] l 64 1,06859168 99 1,0133214 
1,004018 20 65 1,009726511 | 100 1701345691 
— — — — | — — 
11004152421 | 661, 00886136 101 | 1,0139239 
00428665 671, 08996231 | 102| 1,01372788 
l,00442091] | 68 1.00913 111 103 101286340 
5004535180 [ 69100926601] [104 01399893 
100468947] | 9qol 100940093 ro5 121413448 


Days 
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— 
— — — 2 
— — ü—’— —a— * = 
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c re ge 
. IF - 
2 « $ S „ . 


7 1,0146 4 
11,014 


ö N 1,017 5291 8 


— 1 
1.01786521 
1101180125 
1,0179373 0 
1,0807338 
—04 320948 


A — — a 


1 J. Sc. | 
1 1 0144700 


ori 


t,91454078 


101739317 


5 


2,019 34559 
101861788 


1,0188902 


I, 01902641 
1 61616267 


1501943517 


47687 


Jt no 8025 2 


1,0108386 
Str eh] 

11530587 
| 7 701850 


01712122 
| r,o1725719 


7þ1,01848173| 
1018754 


— 1 


| 


| 1,0 1929897 


53]. 1,02 134473 
| 8 

a 5 L,oz 
— 
| 1,02 875439 | 


1,0 1899098 
, 1,02202758 


| 192093524 
1,0 2 
r,02.4 20822 


127 
61782 
— 


7[ 1,02394200 


| 101957145 


1,0240788F 
1,02421578 
T, 02435270 


le Us | 


1,0246269 9 
1,02476358 


£1,02448964 | 
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102490055 
102503756 
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1891.97 in 
Leros: 72M 
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L188] 1,025 


792 bon 
252 


21300 
5 boss oh ; 
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ez 8% 03758239 504314506 
1 1 9 1 03772109 1 
f 4 1, 8598 WA 24 
10323253300 03.1 | 
| 16324833 | 9 5 855% . 104355545 
92803 813732 1,04 470297 | 
' 1e 8610 | 1. 043849 
; | 1503287744} 1 12.5 04398203. | 
n 1103301552 323. 10444439 
183307372. 10442611 
4 33536CÆCf | 324[1,944261 17 | 
; 03329173 4 27 1,04440077 | 
Wis! 1 033479861 == 104434038 
ane 80 287 x 2 + 327 1,0446800 
"2453 £3370617)| 8 1103524819; \ þ1326, 204491967 
X 3370617) 8 
183384426 3294495934 
1 250 emo ba 2 1338 2528292 
„03412000 [or 10398649 7 331 17642374 
8 da Jö 5 103930388 ' | 332 r 
0 5103439729 q 293 103994289 2 333110457 - 
"4 | 103459557 [11] 294] 04008191 J 334 [104505798 
een e eee e 29707 
p 335 1 1884818 20 1504036001 | 338 88305 
03453052 297 1,04049908 | '| 337 | 1:04607739. 
"5 [103508887] [25 104063918] | -338 104621723 
þ 59 1 0103522724, 299 1 04077729 | 339 1049 35709 
9 = 1,035 36563! 2 300 1104991642 1 349] 1504649697 
b * 4 03550424 2 1 3or| I 04105557. ? 34145105369 
03564247 302 1,04119474] | . 342] 1©4 77678 
24 W 11,03578091 | J 303. 184637777 - | 342; 1 046 31671 
41103591948] | 30{[1.04147314] | 344] 1504705667, 
511036057861 | Jos [04161235] | 345 [4.04719564- 


303 TH 85 
2,0 334 
1,03647342 
103661197 
| B 


7 


122608514 


1 8 
103730507 W pi 
28715 | 4.215] 
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Amounts of 


306 endes 
10A 18906 
1 04208915 
4,04216944 
04230876 


5 4 t,04244310 


14 104286622 


hap. L 2. © Compaund W Ke. 7 
N The _ 


Amounts 
| 11. &c. 
161.0205797 
2711.308055 
10309453 2 
1,03 108414 
30,03 22197 
43136988 
103449770 | 
11,0316 
11,031 
1,0319 191143 142 


Tue 
11. &c, 


—— 


di et oe 
1,042726 3 
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ence there are more Perſons Living ef between 16 and 26Year:0 


every Number of Mens Ages under 16 ( whoſe Roos is q) co 


any other declining Age, compared with ( 4,6 ) the Root al 


D The | 
*'* | Amounts of | 
HII. Kc. 


346 | 1,04733663 | 


1355504859778 
3404775671 (356104872776 
3501, 04289677 357 | 1,04887775 | 
351 | 2,04503686] | 258] 1.04901797 3551 
352 1,0481766 1359 1,0491820 | JR 1, 


I think it needleſs to ſay any Thing of the Ute of theſe 71 
becauſe I take it for granted, that whoever underſtands the Ma 
of the 1 8 TD at 6 er Cent. Cannot but kn 
bow to make uſe of th e Tables at 5 per Cent. As Ocal 


requires. | d | 
Thos far concerning ſach Aunuities or Leaſes, &c. that are [} 
mited by any Aſſigned Time; and *tis only ſuch that can be com 
ted by Theorems or certain Rules, However it may not perhaps! 
Unacceptable, to infert a brief Account of ſome Eſtimates th 
have been Reaſonably made, by Two very ingenious Perſous 
bout the Proportion, or Difference of Men Hives accotding! 
their ſeveral Ages; which may be of good Uſe in computing 
Values of Annuities, or taking of Leaſes for Lives, &c, 
Sir William Petty in his Diſcourſe made before the Royal din 
{on 1674.) concerning the Uſe of Duplicate Pzopozrion, nt 
ife of Man and its Duration; ſaith, That its found by Ex 


d ©. . _— 2 


than of any other Age or Decade of Years in the whole Lit 
Man (viz. 70 or 80 Years.) His Reaſon for that 4ſſertion 1 
omit; but ſuppoſing it true, he thence Infers, That the Kool 


red with the ſaid Number 4 doth ſhew the Proportion of 8 
Likelyhood of ſuch Men reaching the Age of 70 Lears-. 
As for Example, 'Tis 4 Times more likely, that One of 
Years Old thould live to 70, than a New-Born Babe: II 
Times more likely, that One of 9 Years Old ſhould attains 
Age of 70, than the ſaid Infant, ke. Ty 
On the other Hand. Tis 5 to 4, that One of 25 Yes 
will Die before One of 16: And 6'to 5, that One of 36 
Die before One of 25. And ſo on according to the Noch 


which is the Year ot Perfection according to the Senſe ct 
Law, and the Age for whoſe Life a Leaſe is moſt 2 p 


* . 


ſap. 12. Of Compound Jntereſf, 287 
2. The Ingenious and Great Mathematician , Doctor Edmund 
%% (In Fhiloſoph. Tranſat." Numb. 196) doth with great Ie» 
firy and Skill, draw an Eſtimate of the Proportion of Mens 
ves, from the Monthly Tables of the Births and Funerals in 
reſlaw, the Capital City of the Province of Sileſia ; Or, as the 
mans call it, Schlefia, Whence he proves, that its 8 to 1 a 
ron of 25 Years Old will nor Die in a Var: That its 54 to 1, 
hat a Man of 40 will live 7 Years : That a Man of 30 Years 
may reaſonably expect to Live 27 or 28 Years, &. 
Now from theſe and the like Proportion s (he juſtly infers that) 
Price of Inſurance upon Lives ought to be Regulated, there 
ing a great Difference between the Life of a Man of 20, and One 
50. For Example; Tis 100 to 1, that of a Manof 20 Dies not 
a Year, and but 28 to 1, for a Man 50 Years of Age. And up- 
theſe alſo depend the Valuation of Annities for Lives: For it 
pain, that the Purchaſer ought to pay only ſuch a Part of the 
le of any Aunuity, as he hath Chances that he is Living. 
And for that Purpoſe he hath taken the Pains (which was not 
ile) to compute the following Table, that thews the Value of 
muties ) for every Fifth Year of Age to the 7oth. 


e, Purchaſe Age [Year's Purchaſe Age Year s Purchaſe 
10,8 25 ra 50 9721 
1 13,40 30 11,72 55 8,51 
13,4 135 11,12 60, 7,60 
| 5 13,33 40 10,7 65 6,54 
12,8 45 9,91 I 70, 5,32 


8 n 


—_— 


he ſame In genious Gentleman proceeds on, and ſhews how 
ſtimate or find the Value of Two Lives, and then of Three 
es, which being too long a Diſcourſe to be recited here, I 
e, for Brevities ſake, omitted it; and ſhall only add this ſe- 
Obſervation. 43 | | 
. How unjuſtly we repine at the Shortneſs of our Lives, 
think our ſelves wrong'd if we attain not to Old Age; 
as it appears, that the One Half of thoſe that are Boꝛn, 
in Serenteen Years Time. For by the aforeſaid Bills of 
ality at Breſſaw, it was found, tide 1238 were in that 
ne reduced to 616. So that inſtead of Murmuring at what. 

| 2 Short Life, we ought to account it as a great Bleſ- 
that we have Survived, perhaps by many Years, that Pe- 
o of Life whereat the one half of the whole Race of Mankind 


* 0X Arrive, | 
O 6 Sect. 4 


to be Sold; what is it worth allowing the Buyer 6 per Cent, $ 
3 8 


Or Half Yearly Payments; 


— _z- 


282 | Algeb2a. 102 10 9 Part ll 
Sed. 4. Of Purchaſing. Free-hold, O. Real 
1 "at Congoand' Prteref "OR 
All Free- hold or Real Eftates, are ſuppoſed to be Purchaſed 0 
Bought to continue for Ever: ( viz, without, any Limited Time ) 
Therefore the Buſineſs of Computing the true Falue of fu} 
Aſtates is grounded upon a Rark or Series of Geometria 
Fro — continually Deere a ſing, ad In finitum. 
Thus, Let P, a, R, Denote the ſame Data as in th 


laſt, Si. Then the Series will be, A. 8 2 
and fo on in = until the Laſt rm — o. Then will P -( 
(viz. P) be the Sum of all the Artecedents.. And P- 
will be the Sum of all the Conſequents ; therefore it m 
be, 2.4 225525 which produces PR * =P. 
This Zquatior affords theſe following Theorems: 


** 


tue 


* 


* — : — — — — — CH. — K. : 
Theorem. 1. PR PA. Tron. 5 . 
Theorem Zo e = R. 


Example. Suppoſe a Free-hold Eftate of 751. Yearly Rentn 


Compound Intereſt for his Money? 

In this Cue ſtion — is given 1 . R= 1,96 To fd 
Per Theorem 2. Thus K 1 = 0,06); 75 (ö 
the Anſwer required. And fo for any of the reſt as Occaſion 
quires. But if che Rent is to be paid, either by Cut 


Then K / 1,06. for Half Yearly, ),, _ ger li 
And KX V: 1,06. for Quarterly FP azmy nts ax Of of 
R 1,08 for Year! in ray. 

Or 3 N 1,08 for Half Yearly Fron at 8 Per (a 
CX V: JI, o8 for Quarterly. Ne IRS 

The like is to be underſtood for any other propoſed Aal, 

Ihtereft either Greater, or Leſs than 6 per Cent. _ 
The Application of theſe Theorems to Practice, is ſo ff 

Eaſy, that it's needleſs to inſert more Examples. , 
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of Geometrical Definitions, &c. 
See. n. x Of Lines; and Angies. 


int bath no Parts: That is, a Geometrical Point is 
= any Quantity, but only an Aſſmable Place in any 
Quantity, denoted by a Poi * 1 2 
As at A. and B. | | POE 
Such a Place may be conceived ſo Infinitely Small, as to be void 
f Lrangth, Breaath an Thickneſs ; and therefore a Point may 
laid to have no Parts. A" 1 ft 
2 A Line is called a Quantity of one Dimenſion, becauſe it 
ay have any ſuppoſed Length, but no Breadth nor Thickneſs, 
ls made or Repreſented to the Eye, by the Motion of a 
ont, | | = . 
That is, If the Point at 4, be Moved (upon the ſame 
lain ) to the Point at B, it will deſcribe a Line either 
gt, or Circular, (viz. Crooked) according to irs Mot ion. 
Therefore the Ends or Limits of a Line are Points. 


3. Abight Line, is that Lie which lieth Even or Streight 
Wixt thoſe Points that Limit its Length, being the ſhorteſt Line 
at can be drawn between any Two * Las Tie BL) 

7 Athe Line FB.a15 <3 1135 

Therefore between any Two Points, there car Lie, or be 
aun but one Right Line. | SLES.” | 


2 of me 4. A 


- 


— — = a 


234 Elements of Geometry. II 


Part, | III 
4- A Tircular, Crooked or Dblique Line, is that which [; 
bending between thoſe Points which ; . 
Limit its Length, as the Lines CD, 
s/ 44 ee BaATAT CT FE 
, Of theſe kinds of Lines there are CI JL AH; 
various Sorts; But thoſe of the Circle Pan Wy q 
Parabola, Elipſis, and Hypertola F 
are of mofi general Uſe in Ut , of which a partieular | 
count ſhall be given further on. ia ta © ns 


5. Parattel Lines ; as thoſe that 


o 
0 


lie Equally Diſtant from one another A * 
in all their Parts, viz. ſuch Lines as a- | b 


being Infinitely extended (upon th? — 
ſame Plain ) bf 8 As the 0 


Lines A B and ab, or CD and c d. * 


6. Lines not Parallel, hut Incljning, ( viz. Leaning) 0 
towards another, whether they are 3 

Right Lines; or Circular Lines will 
it they are Extended) Meet, and 
make an Angle; the Point where 
they Meet is called the An gular Point, 
As at A. And according as fuch 
Lines. ſtand, . nearer or further off 
each other, the Angle is ſaid to be 4 
Leſſr, or Greater, whether the Lines | 
that Jzclude the Angle be Long. or Ne 
Short. That is, the Lines A a, ne RY 
And A Include the fame Argle as AB, and AC doth ; 
withſtanding that 4 B is Zorg-r than A d, &“. 


8 


7. All Jngles Included between Right Lines, are cl 
Right-lind Argles; and thoſe [utluded between C ircula 4 
are called l Argles. But all Angles, v herher Right 10 
or Spherical, fall under one of theſe Three Denominati0"s, 


5 F Right Angle, 


5 Fix. An Obtuſe Angle. | 
([ An Atute Angle. TSS. \ f 

8. A Right Angle is that which is Fuchadra betuin“ 

Lives, that Meet one another Perbendicular. Me 


= = #*/S- Su © £95 Sw. _ £6” . 
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ap. 1. Of Definitfons, &, 285 
at is, When a Rrght-line r 2 

DC, Meets with another D 
bt-line as A B, ſo directly | 
t it neither Iuclixes nor De- 
to one Side more than the 2 
„but makes the. A7g/es on 
Sides of it Equal, as at x, x ; 2 a | 
a are thoſe Angles called A — CO 3 

ht Angles ; and the Lines fo | | 
ting are ſaid to be Perpendicular to each other, | 


That is, A C, aud C B, are Perpendicular to DC, as we 
, C is to either or boch of them. P an , 


p, An Dbruſe Angle is that which is Greater than 4 Right 
ge. Such is the Angle Inclu- | 
between the Lines AC and 


19. An Acute Angle is that 7 —D 


ch is Leſs than a Kight Angle 2 
the Angle Included between the Lines C B and CD. 


ele Two Angles are generally called Oblique Angles. 


Ann 


Seck. 2. Of a Circle, ke. 


Before 4 Circle and its Parts are Defined, it will be convenient 
ve a brief Account} of Superficies in general, 


. A Superficles or Surface is the upper, or very Out- ſide 
ay vi ſible Thing, But by Swperficies in Geometry, is meant 
o much of the Cut- ſide of any Thing as 15 Incloſed within 
ne or Lines, according to the Form or Figure of the T hing 
fered ; and it is produced or formed by the Motion of a Lixe, 
Line is deſcribe by che Motion of a Point; thus: * 
wppoſe the Line A B were equally , © "IND 
med ( upor the ſame Plain) to == — 
); Then will the Points at Aand 5 — 
Deſcribe the Two Lines A C and CES SD 
D; and by ſo doing they will | A 

n (and 7zcloſe ) the Superficies or Figures A BC D, be- 
ba Quantity of Two Dimenſions, viz. it hath Length and 
eadth, but not Thickneſs. Conſequently the Bounds or Limits 
8 Sperficies are Lines. | 


Note, 
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Note, The Su perfcies of any Figure, is uſually calleg i | 


2. A Circle is a Plain Regular Fig ure, whoſe Aren is How 
or limited by one continued Live, called the Tirrumwy 
or Periphery of the Circle, len ay es thus Deforie 

aw. 

Suppoſe a Right Line, as C B. to e one obi 
tream Pointer as C, ſo fixt upon any ß ad; 

Plain, as that the other Point at B may * 

Move about it; Then if the Point at B 
be Moved Komid about upon the ſame 
Hlain ) it will Deſcribe 4 Line equally Di- 
frant in all its Parts from the Point C, 
which will be the Circumferance or Peri- 5 
hery of that Circle ; the Point C, will be 
it's Center, and the contained Space will be its Area, and 
Right Line CB, by which the Circle is 9 * Deſcribed, 

0 ca ed Ra dius. 


Conſectary. 


* "EI tis Evident, That an Infiri te Number of Netti 
may be drawn from theCenter of any Circle to touch it's Ferith 
— ch will be all equal to one another, becanſe they are all Radu 
And with a little Con fideration it will he ea ſie to conceivel 
70 more than two equal Right Lines can be drawn from any pai 
oy a Circle to JOE! mr $ , zu 4 rom the m_ 
9. e. 3. ) 73 
3. Equal Circles are thoſe which hg Equal Radius! "el 
15 piain by the laſt Definition, that one and. the ſame Kod 
(as CB) muſt needs Deſcribe Equal < Eres: , bon N | 
yer they are. ne 3.08 


4. The Dianicter of a Girele y ©: 08. 
Twice 3 its Radius joyred into one Right: | 
Line, as A B drawn through the 
Center C, and Ending at the Papas 
ry on each Side. 

That is, the Diameter divides the 
Circle into Two equal Par s. 


F * 
* 9 . 
4 „Derne 
. 
" * 


5. A Semicircle ( viz. u x 2 Circle) is a Pigee Tachd 
between the D7ameter, and * the Periphery cut # of 
the Diameter; As A DB. * 


- 


| ip. I. "0f Definitions; e. 


＋—— CT —_ * 


A Quadrant is Half a Semicircle, viz, one Quarter of a 
7 and 'tis made by the Radic 3H 
D fand ing Perpendicular up- D 
the Diameter at the Center , 
ing the Periphery of the Semecirele. \ 
he middle, as at D. Therefore a 
adrant, OY half the Semicircle is the A 
aſure of a Right Angle. 


A Chozd Ling, or the Subtenſe 

an Arch, is any Right. Line that 2 
Cirele into Two unequal Parts, as the Lind 5 ; and 5 
nys Leſs than the Diameter. 0 


8. A Segment of a Circle, is a Fi igure "rut ** the 
vd and that Arch of the Periphery which is cut off by the 


1d: And it may either be Greater” or Leſs than A Semicirele 3 ; 
the Figure $M G, or S DG. un 22 F. 


9. A Seto; is a Figure Included. batwecn Two Rudier yas 
rele, and that Arch of its Perip we 
* 1 a 


dere they Touch, as the Figure 4.6 

d the Arch 4 B is the Meaſure of 
Angle at C, Includes berwixt the. 

ins s A C, and B C. 


TY 


Note, 407 Ang les of S Sven 2 are aa; ® 
2 at thee Center of a circle. ah 


to. An Angle in the Segment: of a. Cine is 6 that which is 
duded between To Chords that fla from one and the ſame 
urt in the Periphery, as at D, and meet with. the. Endo of 
mer Chord' Lite, cas at Fand No 

That is, che Awg/as at D, an F, 3 a G, ae dalle 
Wes ar the, Bari pO, or Lauts Standing: 0 on the e 


1 — | 


* 


„s. =q 2 Gs 5 rr 
"Be are Nb KG 1dsof Triangles, Viz. ct aud Sober . 
Hall not give any Definition of The Spherical, becauſe they 
 mmediately. Relate to  Aftronomy: 

J. A Plain Triangle iy a Figure 7 bote Area icon 


in the Limits of Ihres Right Lines called: Sides, Including 
hree. Angles : . And it may · 1 5 Diuida , Nee N . 


; Rt acer ding td Ke Jide nr Aug, "By 
. x 
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T. By its Sides. 1. 

; me 

2. An Equifleteral Trtangie is that | 

which hath all its Three Sides equal, * 
as the Figure ABC 


That is, AB=BC=AC. 4 


3. An Jſoceles Triangle is that which hath 
only Two Of its Sides Equal as the Figure 
BDG That is. BDS DG; but the Third 
Side B G may be either Greater or Leſs, as 


+ A Scalevous Triangle. £27 K 
is that 


which hath all irs Three | 
Sides Unequal ; | | 
ſuch as the Figures HNA. | 4 


g— 
2. By its Angles, 

5. A BKigbt-angled Triangle, is 
that which hath one Right Angle ; 
That is, when Two of its Sides are 
Perpendicular to each other, as C4 
is ſuppoſed to be to B 4. Therefore _ - 
the Angle at 4, is a Right Angle, B 
Per Defi. 8. Se&, 1. of 3 

Note, The longeſt Side of every Right-angled Triangle (as B: 
is called Hypotenues, and the Longeſt of the other Two Sil 
which Ivclude the Right Angle (as B A) is called Baſe. I. 
Third Side (asC 4) 1s called Cathetus or Per pendicular. _ 
6. An Obtuſe⸗angled Triangle is that which hath one of it 
Angles Obtuſe, and its called an Amblygonium Triangle. N 
is the Third Triangle H K M. bg : 


- 


7. An Jcute-angled Triangle is that which hath all its 17 
Acute, and its called an Oxygonium Triangle ; Such are he , 
and Second Triangles 4 BC, and BDG. _ 


Note, All Triangles that have not a Right Angle, whet 2. [1 
are Acute, or Obtuſe, are in General Terms, called Oblique 17. 


gh 
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; without any ot her Hiſtixction, as before. And the longeſt 
of every Oblique Triangle is uſually calle the Baſe ; the 
Jer two are only called Sides or Legs. 

g. The Altitude or Yeight ot any 
ir Triangle, is the Length of a Right 
ne let fall . from any of its 
ges, upon Side oppoſite to that 
ple from whence it falls; and may be 
r within, or without the Triangle, 
Occaſion requires, being denoted by 
Two prick'd Lines, in the annexed : 
ungle s. 


Sell. 4. Of Four-fided Figures, 8. 
1. A Square is a plain regular Figure, 

joſe — is limited by N equal Sides A B. 
Perpendicular. one to another. 
That is, when AB = BE=CD =DA, 
d the Argles A, B, C, D are all equal, 
en it's uſually called a Geometrical 9 q 


are, wn 


. A khombus, or Diamond li ke 
ure, is that which hath Four equal 
eh but no Right Angle. That is, 
tombus is a Square mov'd out of its | 
gt Po ſition, as the annexed Figure. 


1A kedangie, or a Kight-angled Par allelogram (often called 
 Oblong, or long _ 1.8 a RB. * ag 
eue that hath four Right Angles 5 - | 
us two Oppo ſite Sides equal, | | 
4 A. Bhombotdes, is an Obligue- angled Parallelegram ; that is, 
a Parallelogram Moved out of —— 
n Poſition, like the Au- . 2 ö 


xd F. Igure, 


5. The Altitude or Height of any Oblique- argled Parallelogram 
c. either of the * or Nn © wm — EY 
82 Right-Line let fall perpendicu- * | 
tom any Angle upon the Side op po= 
eto that Angle; and may either be 


min or wi . 
110 v5 without the Figure : As the 


% in the annexed Figure. 


- 


6. All Fowr-fided Figures, which 
- differ from thoſe before-mention'd, 
are called Trapezia. - 

That is, when they have neither Arc 
Oppoſite Sides, nor Oppoſite Angles 
oh as the Figure ABCD BL FP 


| Part]. 


D 


7. A Right-line drawn from any Angle in a four- ſided Fin 
to its oppoſite Arg/e, is calld a Diagonal Line, and will Di 
the Area of the Figure into two Triangles, being denoted by 
Prick d Line A Cin the laſt Figure. 


8. All right- Sined Figures that have more than four $i 
are call d Polygons, whether they be regular or irregular, 


9. A Regular Polygon is that which hath all irs Sides E 
ſtanding at Equal Argles, and is named according to the Ny 
of its Sides (or Angles). That is, if it have Five Equal Ss 
is call d a Pantagon ; if Six Equal Sides, it is call'd a Ye 
if Seven, tis a Yeptagon ; if Eight, tis an Octagon, &c. 

Note, All Regular Polygons may be inſerib d in a Circle: 
is, their Angular Points, how many ſoever they have, wil 
Juſt touch the Circles Periphery. I 


10. An Jrregular Polygon is that Figure which hath u 
#nequal Sides ſtanding at unequal Angles 5 
(like unto the arnexed Figure, or other- 
wiſe) ; and of ſuch kind of Polygons there 
are infinite Varieties, but they may all 
be reduced to regular Figures by drawin 
Diagonal Lines in them; as ſhall be ſhew 
farther on. | 


Theſe are the moſt General and Uſeful Definitions that 0 
cern plain or ſuperficial Geometry. 

As for thoſe which relate to Solids, I thought it convenieſ 
omit giving any Account of them in this place, becauſe they 
rather puzzle and amuſe the Learner, than improve him, until 
has gain'd a competent Knowledge in the moſt uſeful Then 
concerning Super ficies, for then thoſe Definitions may be f 
eaſily underſtood, and will help to form a clearer Idea of l 
reſpective Solids, than 'tis poſſ lle to conceive of them bv 
and therefore 1 have reſerv'd thoſe Definitions until we come 
the Fifth Part. | BS | 
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ef. 5. Of ſuch Terms as are generally uſed in Geometry. 


hatſoever is propoſed in Geometry will either be a Pꝛoblem 
em. 
1 Euclid includes in the general Terms of Propoſition. 
\ Pzoblem is that which propoſes ſomething to be Done, and 
ates more immediately to practical than ſpeculative 3 3 
at is, it's generally of ſuch a Mature, as to be perform d by 
je known or common- rece iv d Rules, without any Regard had 
heir Inventions or Demonſtrations. | 
\ Theozem is when any Common-receivd Rule, or any New 
poſition 1s requir'd to be Demonſtrated, that fo it may from 
nceforward become a certain Rule, to be reh d upon in Pra- 
ewhen Occaſion requires it. And therefore ſeveral Rules are 
n call d Theorems, by which Operations in Arithmetick, and 
lu ſions in Geometry, are perform d. | 
ote, By Demonſtration ig u ſtood the higheſt Degree of 
of that Human Reaſon is capable of attaining to, by a Train of 
wuments deduc d or drawn y us ſuch plain Axtoms, and other 
evident Truths, as cannot be denied by any One that con ſi- 
s them. | | | 
\ Cozollarp, or Conſectacp, is ſome Coxſeguert Truth drawn or 
nd from any Demonſtration. 
\ Lemma is the Demonſtration of ſome Premiſes laid down or 
poſed as preparative to obviate and ſhorten the Proof of the 
orem under Conſideration, 
\ Scholinm is a brief Commentary or Obſervation made upon 
je precedent Diſcourſe. | 


1 


B. J adviſe the Young Geometer to be very perfect in th: 
mtions, vix. Not to ref ſatisfied with a bare Remembrance 
hem ; but, that he endeavour to gain a clear Idea or Under- 
ling of the Things defined ; and for that reaſ oz I have been 
er 2 every Definition than ig uſual. 

Ind, that he may know from whence moſt of the following 
dblems and Theorems contain d in the Two next C hapters are 
ted, have all-aiong cited the Propoſition, and Book of 
did Elements where they may be found. | 

ls for inſtance ; at Problem 1. there is (3. e. 1) which ſhews 
it is the Third Propoſition : Euchd's F irſt Book, The like 

t be under ſtood in the Theorems. | 


Pp 2 _ © CHAP. 


the Deſign, and, as far as he can, the Reaſon of every 


2y2 Elements of Geometry. Par 


— 


CHAP. II. 


The Firſt Rudiments, or Leading and Prepar, 
Pꝛoblems in Plain — Ty 


1n order to per ferm the following Problems, the young Gen 
ter ought to be provided with a thin fireight Ruler, made en 
of Braſs or Box- wood, and t 4 Dogg good Compaſſes, t 
one pair call i Three-pointed paſſes, being very uſeful þ 
drawing of Figures or Schemes, either with black-Lead or ſt 
and one pair of plain Compaſſes with _ fine Points, to ne 
ure and ſet off Diſtances ; alſo he ſhould have a very good vu 
wing-Pen : And then he may proceed to the Wort withil 
Caution; That he eught to make himſelf Maſter of one Probla 
before he nndertake the next : That is, he ought to underſi 
Probleg 
as well as how to do it; and ther a little Pradtice will re 
them very Eaſy, they being all grounded upon theſe folloui 
Poſtulates. 


Poftulates or Petitions. 

1. That a Right-line may be Draum from any one given? 

t That a Right; be produced, 4, n 

2. That a 478/7-14e may Proaucrea, encre or m 

longer from either of its Ends, ae BO 

3. Thar upon any given Point (or Centre) and with any gin 
Diſtance (viz. with any Radius) a Circle may be deſcribed, 


PROBLEM I. 


Two Right-lines being given; Ty find their Sum and 
4 ol Difference. (3. e. 45 


Let the given Lines be 1 


Make the ſhorteft Line, as C B, 5 \ 
Radius, and with it Deſcribe a 5 

Circle : From its Centre C ſet off 41 

the other Line AC, and oy: : : 
ACB with a Right-line. Then — 
will AB = AC+CB; and 5 
AD—AC—CBE; as was re» 

quired, 


* 


RV 
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Upon the given Angle Point Cdeſcribe 


PROBLEM IL 


Biſe& or Divide a Right-line given (as A into two 
* Equal Parts (10. e. 1.) 


From both Ends of the given Line (viz, A and B) with any 


ius Greater than half its length, D. 

wite Two Arches that may croſs 1 

h other in Two Points, as at D and 1 
then joy? thoſe Poi ats D F with I : 

Keht-line, and it will Ziſect the Lg —= 1 — 
e A B in the middle at C; viz. | 141 
will make A CCB; as was re- 2 is | 
Fe | 


PROBLEM i. 1 


Io Biſect a Right - lin d on 47 into Tuo equal Angles 
9 . 1. | 
Upon the An Point, as at C, with any convenient Radius, 
ile an Arch as A B; and from | 
ſe Points A and B, Deſcribe two 
qual Arches croſſing each other, as 
D; then joyn the Points C and 
with a Kight-line, and it will 
ect the Arch A B, and conſequent- 
the Angle; as was requir' d. 


PROBLEM IV. 


4 Point A, in a Right-line given A B; to make a Right-lin'd 
Angle equal to a Rioht-lind Angle given C. (23. C. 1.) 


dreh, as F D, ( making C D any 
alin at pleaſure) and with the ſame 
wins deſcribe the like Arch upon the 
wen Poixt A, as Fd; that is, make 
e Arch f d Equal to the Arch F D; 
ben Joy the Points A and F with a 
=, and it will form the Angle 1 


2 
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PROBLEM v. 


To draw a Right-line, as E D, parallel to a given Right-line 43 
that ſhall paſs thro any aſhgu'dPoint, as at x, viz. at « 
Diſtance requir d. (31.e. 1.) | 


Take any convenient Point in the given Lzze, as at c, (d 
farther off x the better) make pF an 
C x Radius, and with it upon _—_ 
the Point C, deſcribe a Semi- £ | Yo 
circle, as H Mx N; then make 4 . — nn 
the Arch H M equal to the H 5 
Arch x N; thro' the Points M and x draw the Right - line FI 
and it will be Parallel to the Lize AC, as was requir d. 


PROBLEM VI. 


To Let fall a Perpendicular, as Cx, upon a given Right-line A 
from any afſign'd Point that is not in it, as from C. (12..1) 


Upon the given Point c, deſcribe ſuch an Arch of a Circde 
will croſs the given Line A B in two _ 
Points, as at d and r; Then Biſect 7 
the Diſtance between thoſe two 
Points d F (per Probl. 2.) as at x. . 
Draw the Reght-line C x, and it will \& 1 
be the Perpendicular requir d. * e 


PROBLEM VII. 


To Exect or Kaiſe a Perpendicular upon the End of any giv 
 Right-line, as at B; or upon any other Point aſſign d in 

$3 5 © | 

Upon any Point (taker at an Adventure) out of the git 

ine, as at C, deſcribe ſuch a Circle W 
as will paſs through the Point from © / 
whence the Perpendicular muſt be * 7 p 
raiſed, as at B, (viz. make C B * ; CH 
dius): And from the Point where the . 
Circle tts the given Line, as at A, e 3 


rk. N $ 

draw the Circle s Diameter A C D; 2 

then from the Point D draw the 8 

Right-line D B, and & will be the Perpendicular as 
PRC 


qu d. 
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PROBLEM VII. 


Divide any given Right-line, as A B, into any propoſed 
12 of Eat parts. (10. e. 6? FM 

At the Extream Points (or Ends) of the given Line, as at 
and B, make Tuo equal 
wes (by Prob. 4.) continuing 
6 wy A. Da nd B C to 
J ſufficient Iength; then up- 
thoſe Sides, beginning at the 
vints A and B, ſet off the pro- 
fed Number of Equal Parts 
wppoſe em 5.) If Right. lines 
drawn (croſs the given Line) 
om one Point ro the other, as 
the annex d Figure, thoſe Lines will divide the given Line 
into the Number of equal Parts requir d. 


PROBLEM Ix 


p Deſcribe a Circle that ſhall paſs (or cut) thro any Three 
Points given, not lying in - — as at the Foints 
A . 


7oyn the Points B A and B D with Right-lines, then biſect 
th thoſe Lines, (per Problem 2.) the Arn, 
vint where the biſecting Lines meet, 1331 — 
at 4 will be the Centre of the Circle * *.=/... . & % 
quir .in "4" Nr 
5 1 
a : X. f., C 8 
The Work of this Problem being well N. E 
lerſtood, twill be eafte to perform tie: - - 
following, without any Scheme, viz. Dime” 


— - & 
Ng 


1. To find the Centre of any Circle given. (I. e. 3.) 
By the laſt Problem 'tis plain, that if three Points be any where 
Ken in the given Circle's Periphery, as at A, B, D, the Centre 
that Circle may be found as before. 
2. If a Segment of any Circle be given, to compleat or 
Deſcribe the whole Circle. 1 


This may be done by taking any Three Points in the given 
os Arch, and then proceed as before. ä Do 


RU 


} 
! 
6 


— EET — — * — 
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PROBLEM X. 

Upon a Right-line\ given, as A B; To deſeribe an Equilat 

| Triangle, (I. e. I.) 
Make the given Line Radius, and 
with it, upon each of its Extream Points 
or Ends, as at A and B, deſcribe an 
Arch, viz. AC and BC; then joyn 
the Points 4 Cand BC with Right- 

lines, and they will make the Tr:angle = 
requir d. = 

: PROBLEM XL 


Fhree Ri ght-lines being given; To form them into a Trio) 
(rout ded any Two of them, taten together, be longer tha 
Third.) (22. e. 1.) | 


A — — 
Let the given Lines be q C— B 
A . 


Make either of the ſhorter Lines 2 

(as 40) Radius, and upon ei- 8 

ther End of the lange Line 4 Jy 
(as at A) deſcribe an Arch; „ | 
then make the other Line C B Radius, and upon the other En 
of the Jonge ſt Side (as at B) deſcribe another Arch, to croß 
Firſt Arch (as at C): Joyn the Points CA and C B with vg 


lines, and they will form the Triangle requir d. 
, ͤ Xt 
Upon a. given Kight-line, as A B, to. form a Square. (46e. 1) 


Upon one End of the given Line, as at B, erect the Pap 
dicular B D, equal in Length with the : | 7 


given Line, viz. make BD=AB; 8 — 

that being done, make the given Line 1 
Radius, and upon the Points 4 and 0 : 2 RY 
deſcribe equal Arches.to croſs each other, | *. 2 
as at C; then joyn the Points C A and 4 1 
C D with Kight-lines, and they will form 4 e 


the Square requir d. 
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PROBLEM VII. 


0 Unequal Rig ht- lines be ng given; To form or make of them 
CR a Right-angled Parallelogram. 8 


4 ——b 
Let the given Lines be 

Upon one End of the Longeſt 1 2 
e, as at B, erect a Per pendi- | 

xr of the ſame length with the | | 

te ſt Line B C; then from the- A p 
unt Cdraw a Line parallel, and _ 

the ſeme length, to A B, iz. make DC = AB: Jon DA 
th a Righteliue, and it will form the Chong or Parallelegram 
uir'd 1-941 | | 1 


As for Rhombus's and Rhomboides, to wit, Oblique-angled | 
rallelograms, they are made, or deſcrib'd, after the fame man- 
r with the two laſt Figures; only inflead of erecting the Per- 
ndiculars, you ntuſt ſet off their given Angles, and then proceed 
traw their Sides parallel, &c, as before. 

' PROTEEN: WV: 
ary given Circle, To inſcribe or make a Triangle, whoſe An-. 
ples bol be Equal to the Angles of a given Triangle; as the 
Triangle. F D G. (2. e. 4.) 5 
Note, 4 y Right-lined Figure is ſaid to be inſeribd in a Cir- 
when all the Angular Points of that Figure do guſt touch 
e Circles Peri phery. 4h | 


Draw any Right-line (as HN] fo as juſt to touch the Circle, 
a A ; then make the Angle M H A | K 
40 equal to any one Angle —. — Bi 
te given Triangle, as DFG; 
the Angle H A B equal to 
ther Angle of the Triangle, 
DG F; then will the Angle 
C be equal to the Angle 
DG. Joyn the Points B and F 
with a Right-line, and twill 5 


the Triangle requir d. | 
Qq PR O- 


| -— 
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PROBLEM XV. 
In any given Triangle, as A B D, Jo deſcribe 4 Cirele that ll! 
touch all its Sides. (4. e. 4.) 
Biſe& any two Angles of the Tri- Þ 
angle, as A and B, and where the . 
biſecting Lines meet (as at C) will be 
the Centre of the Circle requir d; and 
its Radius will be the neareſt Diſtance 
to the Sides of the Triangle. | "7 


PROBLEM XVI. 

To deſcribe a Circle about any given Triangle. (5. e. 4) 
This Problem is perform'd in all reſpects like the Ninth, t 
by biſecting any Two Sides of the given Triangle; the Point 
where thoſe biſeQting Lines meet, will be the Centre of the Citck 
requir'd. | | {335,018 


— 


W 
To deſcribe a Square about any given Circle. (J. e. 4 
E 6 


Draw two Diameters in the given . 
Circle (as D A and EB) ar Right- 
Angles in the Centre C; and with the 
Circle's Kadns CA deferibe from the 
Extream Points of the Diameter A B, 
D E, croſs Arches, as at FG HA; 
then joyn thoſe Points where the Ar- bo 
ches croſs with Rzght-lines, and they E. 
will form the Square requir d. H. 


| PROBLEM XVIII. 
In any given Circle, To deſcribe the largeſt Square it car 
. contain. (6. e. 4.) 3 
Having drawn the Diame ters, as D A and E B, biſedn 
each other at Right - angles in the Centre C, (as in the laſt Scheme 
then joyn the Points 4, B, D, and E, with Raght-lmes, 
4B, 1 D, DE, E 4, and they will be the Sides of the Sus 


\ 
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PROBLEM XxX. 2 
Upon any giver Right- line, as A B, Ib deſcribe a Regular 
n Pentagon, or Five- ſided Polygon. 


Make the given Line Radius, and upon each 
ibe-a Circle; and through thoſe ; | 
oints where the Circles croſs. each 
ther (as at 2 x) draw the Right- 
ne G e x, upon the Point G; with 
e ſame Radius deſcribe the Arch 
AeBD: Then lay a Ruler up- 
n the Points De, and mark where 
croſſes the other Circle, as at F. 
loan, lay the Ruler upon the Points g 
He, and mark where it croſſes the . 0 
ther Circle, as at C: Then from 3 

he Points Fand C (with the ſame Radius as before ) deſcribe 
ok Arches, as at &: Joyn the Point A F, FA, KC, and C B, 
th Right-lines, and they will farm the Pentagon requir d, viz. 
F=FK=KC=CB=AB; and the Angles at 4, B, C, 


2 


„F will be Equal. I 


PROBLEM: XX. 


In any given Circle, To deſcribe a Regular Pentagon. 
[I. e. 4. & 10. e. 3.) 


End of it de- 
X. 


Or, in General Terms, to deſcribe any Regular Polygon ia a 
„„ 9 
Draw the Circle's Diameter D 4, and divide it into ſo many 
equal parts as the propoſed Polygon hath Ny - 2 
number of Sides ; then make the whole 2 
Diameter a Radius, and deſcribe the 
mo Arches C A and C D. If a Right- 
ine be drawn from the Point C, thro' 
lie Second of thoſe equal parts in the 
aneter, as at 2, it will aſſign a Point 
the oppoſite Semicircle's Periphery, 
Sat B, Joyn D B with a Right-line, 
ad it will be the true Side of the Pers 
"pr requird, 


a 
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Theſe Twenty Problems are ſufficient to Exerciſe the you 
Practitioner, and bring his Hand to the right Management cf 
Ruler and Compaſſes, wherein I would adeiſe tum to be ye 
Ready and Exact. | n e 

As to the Reaſon why ſuch Lines muſt be fo drawn, as dite 
at each Pro#/em, That, I preſume will fully and cleatly apye; 
from the following Theorems; and therefore I have (for breyj 


ter, deſiring, the Learner to be fatisfied with the bare Knoplech 
of doing them only, until he hath fully conſider d the Conte 
of the next Chapter; and then I doubt not but all will apps 


— 


very Plain and Eaſy. 


* 
F * - 
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Rizht-Argles. | 


16 Bo ods Sk 
4 Culeftion of na uſeful Theozews in plain Gn 


Demonſtrated. | 


Note, In order to ſhorten ſeveral of the following Demorſn 
tioxs, it will be neceſſary to premiſe, That 


I. T HE Periphery (or Circumference) of every Circle (u 
ther Great or Small) is ſuppos d to be divided into 30 

equal parts, called Degrees; and every one of thoſe Degrees 1 

divided into 60 equal parts, call d Minutes, &c. © 


2. All Angles are meaſur d by the Arch of -a Circle deſchd 
upon the Angular Point (ſee Defin. 9, pig? 287.) and 1 
eſſeem d Greater or Leſs, according to the Number of Deg 


contain d in that Arch. 


3. A Quadrant, or Quarter-part of any Circle, is [always g 
Degrees, being the Meaſure of a Right- A1,gle (Deſiu. 6, p:. 207 
nd a Semicircle is = 180 Degrees, being the Meaſure of I 


4. Equal Arches ef a, Circle, or of Equal Circles, Meaſu 
Equal Angles, "IN 22 5 


Fo thoſe Five general Axioms already laid down in pg. 1% 
(obich I hereſuppoſe the Reader to be very well acquainted wi 
it will be convenient to underſtand theſe tollowing, which bez 
their Number wherę the other ended, : 

69 $ . 0 Axiom 
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f Arioms. 

Every whole Thing is Gzeater than its Mart. 
5 hat is, — whole Line A B 8) A——— © 
ge vater than its Part A c, &c. c 


4 ame is to be underſtood of Su per fi ies and Solids. 


. Every whole is Equal to all its Parts taken together. 
at is, the whole Line A B is Equal 1 A—\|— va oy B 
wits Parts AC + cd +4e Se Bi 4 

The fame is alſo true in Superficies and Solids. 


8. Thoſe Things which, being laid one upon another, do agree 
x neet in all their Parts, are Equal one to the other. 


But the Converſe of this Axiom, to wit, that Equal Things 
ing laid one upon the other will meet, is only true in Lines 
d Angles, but not in Super ficies, unleſs they be alike, viz. of 
e ame Figure or Form: As for inſtance, a Circle may be Equal 
n Area to a Square, but if they are Lai one upon the other, tis 
hin they cannot meet in all their parts, becauſe they are like 
Feures, Alſo a Parallelegram and a Triangle may be Equal in 
heir Area's one to another, and both of them may be Equal to 
ISuare, but if they are Laid one upon the other, they will not 
ret in all their Parts, &c. | ED 


Note, Be fides the ChaxaRters already explaind in Part I, and 
in other places of this Tract, th:ſe following are added. 


Viz, x denotes an Angle in general, and J I ſignifies An- 
des; A ſignifies a Triangle; O ſignifies a Square, and de- 
tes a Parallelogram. And when an Angle is denoted by an 
hee Letters, (as A, B, C, &c.) the middle Letter (as B) always 
notes the Angular Point; and the other Two Letters (as 4 B, 
ot 2 denote the Lines or Sides of a Triangle which includes 
Angle, Y 
Theſe things berg premiſed, the young Geometer may proceed 
0 the Demonſtrations of the following Theorems ; wherein he 
lay perceive an abſolute Neceſſity of being well verſed in ſeveral 
lings that have been already deliver d; And alſo it will be very 
Wartogeous to ſtore up ſeveral uſeful Corotlarzes and Lemma's, 
6 they become diſcover d Truths: For it often happens, that a 
Poſition cannot be clearly demonſtrated 4 priori, or of it felt, 
Mthout a great deal of Trouble; therefore it will be Uſeful to 
abe Recourſe to thoſe Truths that may be aſſiſting in the Demon- 
Faloz then in hand. | | 

Pp THEO- 


E 


eee Sromerey.” Far 
* Io. " 


Theſe Twenty Problems are ſufficient to Exerciſe the your, 
Practitioner, and bring his Hand to the right Management of! 
Ruler and Compaſſes, wherein I would adviſe lim to be yer 
Ready and Exact. A- an i | 

As to the Reaſon why ſuch Lines muſt be ſo drawn, as diregel 
at each Protlem, That, I preſume will fully and cleatly apex 
from the following Theorems; and therefore J have (for brevi 
ſake ) omitted giving any Demonſtrations of them in this Cha 
ter, deſiring the Learner to be ſatisfied with the bare Knop ledgt 
of doing them only, until he hath fully conſider d the Content 
of the next Chapter; and then I doubt not but all will appex 

» Denn | 


very Plain and Eaſy. 


* > bt = 
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4 coletlion of mot uſeful Theozemg in Plain Geomttry 
| Demonſtrated. 


Note, Iz order to ſhorten ſeveral of the following Demonſira 
tions, it will be neceſſary to premiſe, That 


I. F H E Periphery (or Circumference) of every Circle (whe 
| ther Great or Small) is ſuppos'd to be divided into 36 
equal parts, called Degrees; and every one of thoſe Dr grees at 
divided into 60 equal parts, call'd Minutes, cc. 


2, All Angles are meaſur d by the Arch of a Circle deſcpid' 
upon the Angular Point (ſee Defin. 9, pig? 287.) and art 
eſſeem d Greater or Leſs, according to the Number of Degree 
contain d in that Arc. eee eee 


8 10 9128. 

3. A Quadrant, or Quarter-part of any Circle, is always 90 
Degrees, being the Meaſure of a Right- Angle (Deſiu. 6, p. 287. 
And a Semicircle is = 180 Degrees, being the Meaſure of Ti 
Ri:bt-Avgles. Soy 


4. Equal Arches ef 2 Circle, or of Equal Circles, Meaſut 
Equal Axgles. e N 


To thoſe Five general Axioms already laid down in pig To 
 (@bich1hereſuppoſe the Reader to be verywell acquainted will 
it will be convenient to underſtand theſe following, which 
their Aumber where the other ended, $ 

V+ > ' - Axiom! | N. 


— —  — 
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Arioms. 
6. Every whole Thing is Gzeater than its Part. 
That is, 8 whole Line A B is} 4——— 8 B | 
C 


greater than its Part A c, &c. 1 
The ſame is to be underſtood of Su perficies and Solids. 


1. Every whole is Tqual to all its Parts taken together. 
That is, the whole Line A B is Equal L A—\|— Tay py B 
to its Parts AC c MTA Te BJ LV e 
The fame is alſo true in Superficies and Solid g. 


x neet in all their Parts, are Equal one to the other. 


But the Converſe of this Axiom, to wit, that Equal Things 
ting laid one upon the other will meet, is only tre in Lines 
ud Angles, but not in Superfictes, unleſs they be alike, viz. of 
te fame Figure or Form: As for inſtance, a Circle may be Equal 
u Area to a Square, but if they are Laid oue upon the other, 'tis 
thin they cannot meet in all their parts, becauſe they are wlike 
Fieures. Alſo a Parallelegram and a Triangle may be Equal in 
their Area's one to another, and both of them may be Equal to 
dune, but if they are Laid one upon the other, they will not 
ret in all their Parts, &c. | 


Note, Be fides the Characters already explairn'd in Part I, and 
in other places of this Trat, th:ſe following are added. 


Viz, x denotes an Angle in general, and I < ſignifies An- 
ges; A ſignifies a Triangle; Q ſignifies a Square, and de- 
tes a Parallelogram. And when an Angle is denoted by an 
Three Letters, (as A, B, C, &c.) the middle Letter (as B) always 
notes the Angular Point; and the other To Letters (as 4 B, 


ad B c) denote the Lizes or Sides of a Triangle which includes 
lar Angle. | 


lb the Demonſtrations of the following Theorems ; wherein he 
Wy perceive an abſolute Neceſſity of being well verſed in ſeveral 
Things that have been already deliver d; And alſo it will be very 
Wnantageous to ſtore up ſeveral uſeful Corollariès and Lemma's, 


Topofition cannot be clearly demonſtrated 4 priori, or of it felt, 
Without a great deal of Trouble; therefore it will be Uſeful ro 


| ration then in hand. 


THE O- 


8. Thoſe Things which, being laid one upon another, do agree 


Theſe things beitlg premiſed, the young Geometer may proceed | 


8 they become diſegver d Truths: For it often happens, that a 


e Recgurſe to thoſe Truths that may be aſſiſting in the Demon- 
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Part! 


THEOREM I 


Fa Right-Line ſtard por (or meet with) another Right-Lin 
and make Angles with it, they wilt either be Two Right. 4 
gles,or T'wo Angles equal to T'wo Right- Angles. (13. 6. 1) 


0A Demonſtration. 


' Suppoſe che Lines to be 4 E and D c, _ inthe Pr 
at C; EN C deſcribe any Circle at 


: Then will the Arch A D- "bene v4 0 
be the . of the , and the 3 * 
Arch D B the Meaſure of the TORT 
bur the Arches 4 D + DB 1800, | W/ 
vx. they compleat the Semicircle. C-/ 7 
Conſequently the * S Se 1800, which was to t 
Corollaries.. ; 


1. Hence it follows, that if the 8 Þ = os then < + = 9 
ber if z be Ottuſe, then the ly: e will be Acute, &c, 


From hence it will be eaſie to conceive, that if ſeveral Rig 
Lines ſtand upon, or meet with, any Right-Line at one * | 
ſame Point, all the Angles taken 2 will be = 1800, vi 
Two Ri ght-An gles. 


THEOREM II. 


If Two Angles mierſet (viz. cut or croſs ) each other, the Tu 
Oppoſite Angles will be Equal. (15. e. 1 55 


Demonſtration. 


Let the Two Lines be A B and 
D E, interſecting each other in the 
Centre 6. 


Then < & +- <e =180® 

aud JB . Ja 185 der laſt PO 

Conſequently < - Re = 484+ : 
IJ a, per Axiom 5. 

Subſtrac on both Sides of 
| the Ægquat ion, and it will leave 
| . 
| — Se 3 2 

conſequently S e * Te. Suhffract S e, a 
Wen SOS. 2. E. D hs Con 
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From hence it is evident, that if Two Lines interſect each 
her, they will make Four Angles ; which being taken together, 
il] always be Equal to F our Right-Angles. ö 


+ THEOREM HI. 3 
a Right-Line cut (or croſs ) Two Parallel Lines, it will make- 
the Oppoſite Angles equal ene to another. (29. 6. 1. 


Suppoſe the Two Lines A B and N & to be parallel, and the 
oht-line D G to cut them bot | 3 
and :: Upon the Point C (with 5 Dy © $131 


Radius) deſcribe the Semicir- F . 
and with the ſame Radius, u- %. 


the Point at 15 2 arr | 
micircle oppoſite to the firſt, as in 
Figure. Then tis plain, and 1 #7 
poſe very eaſy to conceive, that 
the Centre C were mov'd along 
pon the Line D &, until it came ö 
ine Centre at z, the two Lines 4B and H K would meet 
d concur, viz. become one Line (for Parellel Lines are as it 
re but one broad Line). - Conſequently the Two Semicircles 
ld alſo meet, and become one entire Circle, like to that in the 
Mt Demonſtration, . ' „ % K N bl 3s. 1 

i therefore the y) = R# = Ra=RE 7 47 before, per 

And in = ie = = e laſt Theorem. 


F 1 Corollary. | | | g 

Hence it follows, that if Three, Four, or never ſo many Paral- 

lines, are cut or crofs'd by one Right-line, all their Oppoſite 

ges will be Equal. Bhat on 3 | 

P ͤ IV. 

ie Three Angles of every plain Triangle, are Equal to Two 
Right- Angles ; (32. b. I.) e 6 


Mſequently any Two Angles of any plain Triangle muſt needs 
be Leſs than Two Right-Angles. 475 . 1 J „ 


i 4 N a 

4 { F oy __ hd 4 4 
! x Denon 

” * Lf 4 * + p g , ” of 


— 


» 


— * 
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Demonſtration. 


Let the a 4 BC be propos d; draw the Right-line H A N 
rallel to the Side A B, juſt touching 
the Vertical Angle C; And upon the es, - 
fame Angular Point C defcribe any Se- F 
micircle, and produce the Sides 1 c... 
and B C to its Periphery. Then will 
<b—<B, 4 = A, and | 
Tr C, per Laſt Theorem. A 
But I +R a+RK x = 180?, or © "0 
two Right-Angles. Conſequently x B+ <A + RC = 180 
Per Axiom 5. Q. E. D. | 


Corollary. © | 

Hence it follows, that the Two Acute Angles of every Right 
angled Triangle are Equal to a Right-Angle, or 99%. = 

:onſequently, if one of the Acute Angles be given, the cthe 

is alſo given, viz. 90? — the given S leaves the other & 


If one Side of any plain Triangle be continued or produced bs 
Jond, or out of the Triangle, the outward Angle will alwayi 
be Equal to the Two inward Oppoſite Angles. (32. e. I. 


Demonſtration. 


Let the Side A B of the a A B C be produced out of the a, ſuf 
poſe to D, &c. as in the Figure. 8 


Then SX TAT C c 
for the B ey 1802 | 
per Theorem 1. 1 D 


And the <B+xA+ EE" 
S Þ eee 3 1 
erefore BTI Z= BTS ATC, per arm 
Subſtratt B on both Sides the Æguation, and it will lea 
Iz=KxA+RIC:(per Axiom 2.) Q. E. D. * 
Conſequently, the out ward Angle (at z) of any plain T. riang| 
muſt needs be greater than either of the inward oppoſite 4 
Sles, viz. greater than & A, or Re (16. . 19 
a eder e Corolla. 3 
Hence it follows, that if One Angle of any plain Triangle r 
given, the Sum of the other Two Angles is alſo given for 189 . 
the given = the other Two & . THE 
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T HE ORTE M VI. 
very plain Triangle, Equal Stes xb tend (viz are pe fite to) 


725 Angles. (. e. 1.) 
nſequently, Equal Angles are fai. ty Sides. 6. e. Y 


Demonſtration. | WRIST, Ht 


bevel the. & BCD to bean Toſcetes Az 
a 1s, let BC'= D. Biſect the S C, or 
phich is all aue) make C A Perpendicular 
5 D; then will the = S on each ſide x 
* BAC and =D AC) be Right 


- N 0 
* 
„„ enen 
. 
\ 
. * n 
* % ” ＋ 
1 - 


fore J Sa ecetra, 
aequently, 2 SV C++  IS=7 ECL += D, per Axiom 5 
tract + I C fram bo ſides of the Br ation, and it iu 


je 5 = %S per Axiom . 


, * * 
- % 4 
* ; 


EAA v Corollary.” TOE. 
From hence it follows, that the Throe e es af an Eper 
Triangle are Equal one to angther. 


god 
1 " 
A 


THE 0 REM VI. 
17 plain Pia the Lorg 15 Side ſubrends the 22 ft 


WL E)- 1 
<A the » Gddateſt drgle + any Plain Bias ets 
tended by the Long -/t Sidr. ge ler. 


This Theorem! is evident by e ny: Fo ot,” 5 * one of 

Sides of any plain Triage as C 72 

Fa ſuppoſe to E; joyn D 

U a Right:Eine ; Then tis 1 

A becauſe C E is now made longer than” fo. 

— therefore the J at 0 is 

me r as before by tlje 
nd it's plain, the e be n 

+ 2 had been made the N at 3 

An been tlie more enlarg d. an 5. FF 8 

230 vol „ 
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THEOREM VIII. 
I the Sides of Two Triangles art Equal, the Ang'es 0 
thoſe Equal Sides will 1. Egal. L ** ) Foe 


The Truth of this Theorem is evident by the Tw) include 
Triangles i in the 6th Theorem, for they have their reſpective is 
equal, viz. B C D, B A = O A, and C common to both 7 
angles. And it is there prov'd, That the S oppoſite to the 
Equal Sides, are Equal, Gr. which needs no further Proof. : 


Note, The Converſe of this Theorem h9/ds not true; « fort] 
Angles of two Triangles may be equal, and 1heir op poſit ite or ſ 
— Sides une gal; as will appear af Thee, "Io 


E C Corollary. 
Hine! it follows, that Triang'es anequally Equilatera are l 
mutually Equiangular ; and, 
That Triangles 22 Equilateral are Equal one to ana 


G. & 26. "2% 1 (xl 
THEOREM HN. 


An Angle at the Centre of ary Circle, is always double to the 4 
gle at the Periphery, when. hoth the Angles ſtand upon il 
fame Arch. (20. 4. 3.) This Theorem hath Three, Fare 

or Caſes. 1 
Demonſtration. 


Caſe 1. Let the Diameter DA, and 

e Line UB, be the two Lanes Which 
form the < at the Peri phery; Draw 
the Radius BC, then 8R C4 the A 
at the Centre. N 
But BCA D += B. per 75.5. N 


* 
5 


„2 becauſe DC = B C, therefore 1 0 WY 
==xX 5 per Theorem. 6. = CO Vo ee, 7 
. 3 = 2 D. = | 01 FOB VE” he 
>” i * NR NN. : i 
uppoſe the S 5 5 F at 5 4 8 e 
* be within, che BDF IS * 7 Fe 


at the. Periphery, (as in th; amexed... 
Figure.) Drau the Diameter D. A; * e TR * 
Then the DCA BDAY Gafrbik wood bed JB 
And the x FCA = 2K FDA. . 2 1 1 0 f 
Ang theſe two Fquittions rogerher of EIN Ti 


aʒ „„ 144 


F 
4. „„ — — — 2 
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hen will z BC 1 + - FCA =2 £ BDA + 2< FDA, per Ax. 1. 
i LBCA+ <FCA— <BCF 

d 2 E BDA -2<FDA=Z2 <BD F-- H. 1 
ſequently BFC S225 DF. | 3 


Caſe 3. Again, ſuppoſe the <BC F 
the 5 to be out of the <BDF, kk 2 
:the Periphery: From the Angula sg © 7% 
hint D at the Periphery draw the . 
Diameter 22 a 10 2 Dx 20S 
en FCA = 22 . | 

ind < BCA=,2<BDA > per Caſe WD! : 

tract this laſt Aquation from the | e TC 
ther, and it will leave ks n te! 
474 5C A2 FDA=— 2 B04, per Atos 2. 
a FCA -E BOCA=<FCB, And 2 FDA —2<BDA= 
E FDB. eee ee < FR 2 E FDB. oY RD”, 


G I. 8 OT 98 * 


Hence tis b That all is at the Periphery, which 
lad on the ſame Segmert, or Arch of a Circle, or Yoo — 
Arches, are equal one to another. 0 21. e. 1 


THEOREM X. . dees 


An Angle i in a Semicivele is'a Right-angle| ( 31. e. . por 


That is, If the Diameter of any Circle be the Side of a Pit: & 
ond the Angle oppoſite to that Side be any where in the Cir- 
ces Periphery, it will be a Right- angle. 


vs C\ 


Demonffration. „ 


Let D 4 be the rn DBA . 
de Uriang e, then < B = 99%. Draw 
le Radius B * chen is che 2 D B 4 FY 


ELD . od 
For CAN 10 25. and 2 3 3 | 
W A, per Theorem 1 2 5 
erefore 22 ECD W 9 8 
! 7 R Atom F. | * 65 1 | | 
<DB A+< D+ LA 1 ny IT} 
Louſ uequently, < D'B A 80 or a Right-angte. Q. hs 


r 2 Coro - 
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" Coolarier. 
1. Hence it will be eafy to conceive, that an Angle nde ww 
Segment leſs than a Semicirele will be Cliuſe, or greater thay 
Right-angle. 


2. And an Angle ant in any Segment er thass -mi 
cl muſt conſequently be 252 ge 


= THEOREM XI. 


Ih wy Ri, -argled Triangle, the Square whith is made of th 
 Hypothemuſe, or Side ſubten nib the Right-angle, 7s equal 
- both the Squares which are of the Sides e th 
Kang. (47. „ 1.) 
There are ſeveral ways of 8 wis Noble and Uk | 
Theorem, but, I preſume, none more eaſy to be underſtood by 
Learner than that which I ſhall here propoſe : And, in on 
* 'twill be neceſſary to premiſe the following Lenma's. 


" Lemma t. 


A Right-line is ſaid to be Meltiply'2 with a Right r ad 
either a Square, Or other Rygbt- ang 7 Pale n, is made 
the Two Lines. 

That is, the Area of any Right-angled Parallelogram i is equ 
B of thaſe A whach expreſs the Meaſie c 
Us S1 


Thus £4 B=6 Inch 15 | « Thad 
And AC = 3 Inches; . 4 Isa 
Then ABxAC=6x3=—438 7 
Square Inches; which is the won = 

41-9 of he Parallograp ABCD- c. 


Lemma 2. 
x IF Right-line be any way cut 110 1wo parts, the Spur? | 
the whole Line will be Equal to the $quz vo part each Part, aut 
double Rectangle or Parallelogram made of both che Parts, (* 
Thar is, if the Line S be cut into the „ 
Two Parts B and E, M's — 0 
Then is $ = B + ©; but if boch the Sides | * | 


en be aa it will be S SR B ole en, 


— — 


emma 


emma 3. — 


The Area of every” Right-argled. D bs half the Paralle- 
zan made of irs Baſe aud Perpendicular.) . N 1 
hk poop 2" po Ne mh Fer, tn Fe 
logram, b e Br mma ee 
99 5 : the Parallelogram but R, by * 


| wo + BC= the dreaof each G, VIZ, CAI Bg. 
Theſe f 5. * ng premiſed, het us" fappoſe © the Tri 
3CHto be a bag led Triage, vir. the Side C perpendi 
to the Side chen will B 0 = HH. 

"A 8 * > \ 2 


- demonfrrariii. © 
Make a Square whoſe Side al as Mt" 


— TE * wo 8 * „ » — — — „ 
* Pu 
F Fo * 9 4 T3 1 "=. * ie. 


| = B + C, and draw the 5 180 et * * M 
uded Square whoſe Side  } . * | 
| = H, as in the Sheme: + LE: 8 
een will the Area of the great . 5 
re be equal to the Area \ e 
tf the Four 7 4 ＋ HH, * * 8 E 


E 1 1 5 


. CC : 
0 per Lemma 3. Therefore 5, S 


g ITY P 


be 4 As f e z=2 BC. . 
anlequently, the . of the pain 
5 at Souare ts HH 2 BC. ; * Mk. 
wolve B + C, and it wall 1 3 8 
55 ＋ 25 CÆ CC=the © ©} 6 : 
rea of the great Square; per | q koovs [Tuvyrena ance 7 


7 3. 
. HH -+ 2 BC=BB + 2 BC £C, per Axiom 5. 
dra& 2 BC from both Sides of the and 
— BB KC AX gation, there wall 


To illuſtrate this Theorem; by Nambevs, let us 
Wppoſe - Fenn B= 4 and H= 5. 
en will CC — BB — 16. and HH 25. 
U aſequently, e CEHA= 16 + 9 = 25+. 


castle. 1 2 
; "BY this admirable Thronem (ſaid to be 
Khagoras) is deduced the Method of adding and 


82 eee Circles, Gr. 


wee 
Ta 2 — 


THEO. 


et. c ö 


gro_ J 5 —Elenietits of "Gebmnetry. Pac U 
7 6 bim — 
des: 2 TN OR E M VII. 22 0 vo K dT 


any Right-ang'ed _ We!” 4 Per peda bei 11 r ff fa 
rom the Right- on the Hy both-nuſe, will 7014 th 


Tra 2 T 7 3 K. TiN les, which will l % 
| 1 5 os "alike ) xt Triangle, 22 to each h athe 


3 8 2341 — 18 511. 100 


. 0 157 Treg! fo - 3 ſaid, to he Similar (wie-git 
n wiped gde 7 in one of. the Triangles iter 


acbiforgle Angle of the ot hes 3; but if any two -ſoig! 
pt — of one Triangle are equal to two ſingle Angles 
the other, the third Angle. wl be PO Fer | heor. 


1. In TH ned, AB 4 0. mh no 72 £ * 

let 4 P: be lppoſed- Her p Dea icular P 
to the Hypo * B C.; Then 
TBAFP SN F. 
For BA B e 2577 
And a e Per (i. 2 
rollary to Theorem 0 

e Therefore e 

in. 4. Tec 90, a. + TC = go?! 
Therefore * P AC = IB, &c. Conſequently the a"B4F 
is alike tothe A A PC; and each is be to che : whole BRAC: 


2. Or; if 4 K ght-lhre be drawn parallel co one xe of the Sie 
of any plain Triangle, (viz. with _:. 
in it) it will cut off a Triangle _ 
ſimilar or alike to the whole Tram. 5 
gle. 3 s 

In che 4 "AB Ddraw the Right- 812 
int à h parallel to the Side 4 33 | 
Then will the included A 4 Db be 144 — 
like the A A DB: Fer Tar= A, and 322 n. per Theo 
rem 3. and S D is common to both the Triangles; a Ergo, ke 


THE OR E M XII. 
If two Triangles are alike, their like Sides will be _ 


That is, thoſe Sides which ſubtend the equal Ang les, as all 
thoſe Sides which are about the equal An 855 will be e proportir 
nal to each other; and conſequen * if any two Triangles. have 
their Sides proportional, their — ate cunt; (55 55 1 6) 

i 


9 + = 


* 


\ 


CEE CE —_ 
— 


. — —— 7 NET 7" 
8 * | Dritonſſrativn, KA I NN vA 
| 9197 1 


Ler the Similar Tie es in * Cheme; "of the l laſt b. 22 
te here propos d again. 


Then it wall be BA Pr: kan cdrding to, thi 
Theorem. Ego * p KEP=4 4 N . 8 ins 5, 3.1 


K GA 18425 "bans Book 2:5 +8% : SV 


Vet bs ſuppoſe the aforeſaid R grand, * » Ac cut through 
te Perpendicular A P, and L 
here open d until the Sides RA: . et 
nd CA become one Right: ine. 10 41 og trod a | 


ache Sides P and Uf be III l. . ad 


continued Mil chey.meer in E; 
then compleat the Ferallelograms 
by e K the parallel Lines 

AP; GH, and LAP, 2 1 
bi es 5 D Tr _ * s 
Then it is evident, that the 'd BH 2 B 4, and.t} 
PARA cLA; alſo that the Q B EC t bez 
qule all their reſpective ides are Equal. 
Bu the G g HAT ACLATHUG LAZ, 
LAC P A+ AEB Now, if from both Sidgot this 
Equation there, be ſubſtraged the equal Triargles, there 2 
main HGLA=BPxC p,andOALEP= AP x 
_— 8 P: A P:: 4 F. CP. Which was to 


WEIR 0G Pi \ arty 
þ d 


FT. 


4 


ASS 4 \ F% 17 ö 

f * *1i, 9 N 4 "i 0 i} Sen STE . 75 5 * 3% r * 11 ITT ed * 

9 ö A - 0 af — 264 + % 
s: Or bcheruiſe, r dreck addon a gi 


Nene * 4 111027 1 re 2 * 
dae FO a 1 0 3 2 my _ | * CIT 


314, FL TTY y \ ** * \ 
157628 ed at Ae upen che 11 lvln; "HA, | N whe = 
DSI fy wit 125 Sau 8 185 e I_g a 6k e deer 5 N 
Ca, deſcribe a Circle, and con- ME at e 855 
„ * 


15 the Hypot hz 2 | i . 2 5 
25 joy 924 APE 3 oth 1 te ba 


7 «By, ma 22 A2 


e . Bae 1 e. 
| 1 Ac "a5 
as N. 4255 Aquatiox 17 | - 


7 ꝗ 
in 8 7 ale, 4 4 5 


- = = =_ * — — — - _ — — w 
Pn — os << — ul — 7 = a> a 
— —— — — . 
— n = _— — 
ey — — — — — — —— 
— 422 - * - 
- — 8 — = = - - 


_ 
1 


— — — — ooo > on _ 


— — P — 3 - - 
— —ͤ—— — co ũꝗ—— — Wyo 

- — — — — — - 

* 


. — 


By Theorem 6. And S 51 1s ommon to both oi 


Therefore < 8 S BAZ. Theorem 6, _ 1 
Conſequently & Lone 4, q 
Then#b +cc 555 The | 

Let the Sides oh Sage b6oke . i 
CA =c which gives the lowing fal 0 
Viz. b: h:: 3 Nrn. 8.027 Þ D: by , 
1003 LL LA TT A% | MER Nil 1 RIA. 1 

” Corollavies... FE 


1. Hence it is evident, that in any 1 
the * 


Perpendicular being let fall from the Rigon angle upon 
= 


* 
7 Je: 


, will be a Mean proportional between che Sufi. of 
the Hypotbenufe, Tha is B P: TAP 
„ The Buſe (n A) is M | 
Proportional between the Hy pothe- 
1 ) and that F gnent of the 
next to the Baſs, (viz. 
J cr ph "BA 5 F. 
7 Techn; (HC) A +1 
berween the yporhenuſe CB C) apt a Shel 
of the Hypoth ernſe eee (* PO): That 
BC: AU:. PC. 


l N 5 
I have been more Large upon this moſt excellent Therm, in 
7 a double Demonſiration of it; becauſe tis ſo Univerſal 
Jſeful in all Parts of the Mathematicks : For the Buſineſs of Tr: 
gonometry (both Plain and Spherical ). ' wholly depends 10 40 1 
Ad therefore one may truly ſay, that 4 K po | 
225 t OP ks, &c. depe 5 


upon 11 


cc pd, in ] 
ct uſe. I 2 Fa Are nuch g 
f ee as mory Lines ox afe 775 | 
6 4 Thecrems bot᷑ t e Ty 


pies have like Heportibn — 


Chap. 3. 22 Of Theoꝛems. F ; 313 
the Square of the greateſt Side is fry to the Square s of th? 


« two other Side s.]. And: am not afraid to ſuppo e many Un- 
« known Quantities, , that I may reduce the propos d Queſtion to 
& ſuch Terms, as,to depend on no other Theorems but theſe 
Two. WAW 1 £ * 7 OP : | 
This I thought convenient to inſert, that the young Learner 
ay ſee how the Great Des-Cartzs eſteem d theſe two Theorems, 
iz, the laſt, and Theorem 11 ; for, in truth, all the precedent 
Theorems are only (as it were) Preparatives to theſe Two. 


This laſt Theorem demonſtrates the Reaſon of the Method 
ded in finding out Proportional Lines; as in the Three follow- 
ws Problems. 


SS 
PROBLEM I. 
Two Right-lines being given, to find a third in Proportion 
\ — To them. (11.6.6) | 
iy, GA 
\ J 4 4 
— — ian 
Let the two Lues be 4 0 7277 T8 
det the Two given Lines at 0 


ay Angle in the Point .4,..and e * 
produce the Line A B to C. PS J ts” 
mking BC = AD; joyn A — 


the Points B D with a Right © © - 3 * 
Lie, and draw C F Parallel. 

o BD; then will the AA BD be like the A. 4 C F. 

Therefore AB: BC(=AD):: AD: D F, which is the third 


Proportional requir d. 
PROBLEM UI. 
Iwo Right-lines being given, to find a Mean Proportional Line 
between them. (13.0. 6.) 


1 

5 Let the given Lines te{Þ * "hk F.. ng! 

in the Two given Lines into 1 „ . 

u make BC=BP+PC, and *f a * 
upon B C, as Diameter, deſcribe a 5 — e 

om > 2icircle ; then upon the Point P, P 

— ere the Two Lines meet, erect a Perpendicular to touch the 


88 Cir- 
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( | 
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Circle's Periphery, as P A, and it will be the Mean Prop arti. 
nal requir'd, viz. BP: AP:: AP: FS. 
By this Problem *ris eaſie to conceive how to make 2 Square 
equal to any given Parallelogram. (14. e. 6.) 
For if B P be the length, and P C the breadth of the bir 
Parallelogram, then will A f de the Side of the Square, equal in 
Area to that Parallelogram, _ "MTV | 


PROBLEMIN. 


The Right-lines being given, to find a Fourth Proportional 
Lines (12. c. 6.) RE 5 


Suppoſe the Three Lines 4 A—— = 


Upon the longeſt Line 4 J fet 
off the next longeſt Line A D; 
viz. make DB = AB—AD; 4 —þ 
then upon, the Point D ſet the BETTS D 
other Line D C at any Azgle, either Right or Oblique, and draw 
the Kight-Iine AC, continuing it a ſufficient length; make B; F 
Parallel to D C, and it will be the Fourth Proportianal requit d; 
that is, 4 D: DC:: AB: BF. NIEHS | 


THEOREM XIV. 

If any Angle of a plain T N be Biſected (viz, divided in 
two equal Angles) with a Kight-line, (viz. as C A is ſuppos| 
to do th! Angle BCD) it will cut the oppoſite Side (viz, BD) 
in proportion to the other two Sides be Triangle. (3-0-0) 


Demonſtration. 


Produce the Side D G, until Z 
CZ=CB. joyn the Points Z RB - ©... 
with a Kight-line, and draw the 
Line FC parallel to BD; then 
wil A C Z F be like to 

aA D'C 4. 

For CF — LD and 12 
15 common to both Triangles, con- 
ſequenty CZ FC=LCAD 
and FC— BA. 


1 herefore B A (= FC): BC(=ZC): : AD: CD. 10 


"Re. 3 ons or 


8 
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THEOREM XV. 
Ripht-lines ( howſoever drawn ) within a Circle do cut 
or — the Va made of he Segments (or Parts) of 
the one Line, will be Equal to the Rectangle made of the Seg- 
ments (or Parts) of the other Line. (35. 6. 33 
That is, if two Lines (as 4 Band CD) do cut each other in 
y Point, as at x, then will 4 x BX =Dx xC x. 


Chap. 3. 


Demonſtration. ES 


Joyn the Points A C and B D with 
tebt-lines, then will the A C & A 
te like to the A Bx D: For L B=LC 28 
mL A = ILD. By Corollary to A: 5 
And LA x C LB D. By Theorem 2. EI 
Therefore it will be Ax: Dx::Cx: By. By Theorem 13. 
Conſequently Ax x Bx = Dx x Cx. Q. E. D. 


THEOREM XVI. 


If tro Right-lines are ſo drawn within a Circle as, Being conti- 
med, they will meet in a Point out of the Circle's Periphery, 
the Rectangle made of one whole Line, and its Part out of the 
Circle, will be Equal to the Rectangle of the other whole 
Line, aud its Part out of the Circle. (36, 37. e. 3.) 

That is, if the Lines 4 C and 
D B be continued unto the 
Point Z; | 
Then will 4 Zx CZ=DZ x BZ. 


2 


Demonſtration. 


Draw the Lines 4 Band C D, 
then will A CZ D be like to 
te A BZ A; for LA 2 LD 
nd L Z is common to both Triangle s. Conſequently, 

LA BZE=LDCZ. By Theorem 4. 
Therefore A Z: BZ:: DE: (Z. Ergo, A ZxC Z=DZ x EZ. 


THEOREM XVI. 


If from any Angle of a plain Triangle inſcrib d in aCirde there 
be let fall a Perpendicular upon the oppoſite Side, (as O 
8 2 | as 


[_— TW”. — — — 
- —— ——s340ñß ò— ꝛ2yuw— ——— —ä—— — ——— — 


— 


5 mg — 
. — — — = — 
— — —— wk AZ < — Si — — 2 — 4; — 4 2 2 r - 2 * - 1 Z 
l — —— — — — - « — — _ ww _ — 
_ - — — — — — — — Y ===> V YL — 
- — 4 — —— * i — —_ = who o — ” 
* — „ = \ n - - — 
— — — — — - — — 
—— - — 5 


* = 
- 
= 74 = =s — — — 
— = r e—> = E—_— 


—— 2 * 3 


— — —— 
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as that Perpendicular is in proportion to pne of the Sides in. 


cludirg the Angle, ſo is the other Side including the Angle t 
pr Diameter of The Cite Ded 


Demonffration. 
Let B CD be the propog'd Triangle. £ 
From the L at D draw the Diameter N. ö 
D A; Then will L 4 == x, B, becauſe 
they both ſtand upon the ſame Arch D 
and L DC A = 90% By Theorem 10. 
Conſequently the LADC=LBD P. 
By Theorem 4. | | 
Therefore A DCA is like to the 
ADP 8B; and therefore, | 


DFPF;DB::DC{:DA; or, DP: DC: DB: B * Q. E. D. 
_ THEOREM XIII. 
If any Quadrargle (that is, a Trapezium) be inſerit'd within 


Circle, the two oppoſite Angles, taken together, are Equal to 


two Kight-a"gles, viz. 189. (22. e. 3.) 


That is, in the Cuadrangle A BCD the L A + LC = 180! 
And the L B 4+- LD —1809. . 


Demonttration. 

Draw the Two Diagonals A C, and 
BD ; then will the LBDA=LBC A, 
ad che LAG = LA.. | 

By Corollary to Th-orem 9. 

But LABCELBCA+LBAC=1809, . 

By Theorem 4. . 

And the LBDA + LBDC = LADC. Therefore tif 
LABG + L ADC = 1899. | 

And by the ſame Way of Arguing it may be prov'd, that the 

BAD + LBGCD = 180% CE D. 


THEOREM XIX. 

Tf in any Quadrargle inſcribd within a Circl- there he 7 

two Dia gonals, as AC and B D, the Rectangle made 7 f a 
two Diagonals will be Equil to both the Rectangle s made 

the oppoſite Sides of the Quagrangle,  _ 

I ubat 18, ACX$BD=ABXCD + ADxB emen 


> 
4 


Pd 


* * , 
* — VET =" IY — 
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Make the Arch DG = Arch BC, 

| from the Points A G draw the Line 
f,and it will form the A Af D, like 
the AB G: For the LfAD=—=' 
34 C, becauſe the Arches D G and 
Pare gell. 0 Þ 
Again, the F D A= LB CA, be- 

uſe they both ſtand upon the Arch AB: 
nequently, the LAFD LA BC. 
Theorem 4. e e 
terefore it will be 40: BC: : 4D: Df, By Theorem 13. 


—— 


Demonttration. 


— — —— —— — — - — 
= — 
2 0 * 202, — — — — — 
. 2 23 p - — as K if — 23 . — — — - 
— RES ä—QN— —— — — — 
” . o = - — — 
= — 
TP 2 n 7 - * > IR 2 » 25 — ir | 
I * Pa - -- tf — - LPS - => Fo > —_— - . 1 
— 2 — ERR EEE = - — _ - LY 1 = — 
8 —— —  — — — _O—©@m. 1 y - ———— 
2 8 q \ wy b — - + — „ 


— 


— 


— A223 — 
— — x rc 4 I AT 
— — << - at — —— 
— — — — 
q 2 one 


| BC» AD 
r 
Ergo TO F 


gin, the A B 4 / and A 4 Cb are alike: For LA pf = 
4e D, and L BAF = L CA D, becauſe the LFA DL BAC. 
u the L CA is common to both Triangles. Conſequently, 


Therefore A C: CD:: A B: BF. By Theorem 13. 
„ But Df + Bf B D. 


nſequently, cx AD + CD x AB—BD x AC. I 
enen 1 AM 
THE OR EMRK. 
Ul Parallelegrams (whether Right or Oblique-angled )that ſtand 
upon th- ſame Baſe, or upon equal Baſes, and betwixt the ſame 
Parallels, are Equal to one another. (35 & 36. e. 1.) 
That 18, 12 AB ' by D a 5 e D. 


Demonttration. | 
becauſe 4 BC D =a Þ by Suppoſition, therefore Aa BB; 
lt B a is common to both. And be- Nan: 
aſe 4 C = B d, and the L A= LB, I 8 
berefore the A ACA ABD: | 
nd if from both Triangles there be . 
alen the ABx a common to both, E 
ere will remain the Trapeziums | E 
ibxC—ab xD, Fer Axiom 5. C D 


— re en a ee es 4 FEET — 
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But Trapezium A BC ACxD = ABCD. 


And Trapeziuma bx D ACK DS QA Cb. 
Conſequently, C ABC DSC DPD. Q. E! 


Corollary. 


Hence twill be eaſie to conceive, that all Tya»gles whi 
Rand upon the ſame Baſe, or upon Equal Baſes, and between 
fame Parallels, (viz. having the ſame Heighth) are Equal « 
to another. (37 & 38. e. 1.) | 

For all Triargles are the Halfs of their Circumſcribing pn 
telograms ; and therefore, if the Wholes be Equal, theu 
wall alſo be Equal, 


THEOREM XXI. 


2 ( and conſequently Triangles ) which have | 
ame eighth, have the ſame Proportion one to another 
their Baſes Have. (I. e. 6.) 


Demonttration. 


Draw A F Parallel to B &, and draw 14 
AB, CD, FG Perpendiculars to tghemn. 
Then will B Dx AB]J= DO A BCD. CR LY 

And becauſe E D — A B, therefore E : 
DG AB = QC D FG. But ic ; 
BD:DG::BDx AB:DGx AB. B " 
And conſequently a AB D: a CDG: : BD: D C, &. , 


THEOREM XXII 


Like Triangles are in duplicate Ratio to that of their hon 
gous Side s. (19. e. 6.) 


That is, The Area's of like Triangles are in Proportion 
to another as are the Squares of their like Sides. 


Demonſtration, 


| Suppoſe the A BC D and 
Ab cd to be alike, and their 
like Sides to be thoſe mark d 
wich the ſame Letters. 


ol as * Sh - _— 


dap. 3. = Of Theozems- 28 
Land à be Perpendiculars to the two Baſes p and d. 


n DA = the Area of ABCD | 
fl da= the Area of Ab c Uh. Lemma 3» Page 303. 


13:3: : D: 4 
24374: By Theorem 13. 


a—=d A 

DDda—+$*Ddd 4. By Axiom 3» 

D: d d:: DA: Ida. And fo for other Sides. 
——ů bn 

ö THEOREM XXIII. 


very Obtuſe-angled Triangle (as BCD) the Square of the 
tide ſubtending the Obtuſe Angle (as D ) 7s greater than the 
duares of the other two Sides (B and C) 4 a double Rect. 
vg'e made out of one of th? Sides (as B) and the Segment or 
pot of that Side producd, (as a) until it meet with the 
Perpendicular (P) let fall upon it. (12. e. 2.) 


That is, DD=BB+CC +2B a. 


——— — 


3 
4 
145 
6 


... Demonſtration. 

Firt]1] DD = PP + aa + 2B a+ BB a 
Andj2]|CC = PP bas | 4 
1 2[z]DD — CC = 2 Ba-+ BB P 
I+ CC] 4 : 


[DD= BB + CC + 2 B4 


Corollary. 

Hence tis evident, that if the Sides of any Obtuſe-argled 

Triangle are given, the Segment (a) of the Side producd (or the 
erpendicular, P) may be eaſily found, 


| THEOREM XXIV. 


fa Perpendicular (as P) be let fall in any Acute-angled Triangle 
(as BC D) the Square of either of the Two Sides (as p) is 
leſs than the Squares of the other Side, and that Side upon 
which the Perpendicular falls (viz. C and gj) by a double Rett- 
angle made of the Side B, and that Segment or Part of it 
(viz. a) which lies next to the Side C. (13. e. 2.) 


That is, DD +2 Ba=BB +CC. | 
BOT Demon⸗ 


—_ 


——— Gn ger 
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Demontkration. 


DD = =PPFeat TEES: 
CO=PP+ an rb. 5 ian 
BEARe by Figure. L 5, 7 N : : 3D c 
BB —2 Ba aa e e. : G n 
BB — 2 Ba Se aa. l. WAm.ad — 
"DD eG —ee—aa: NGG un 
by - CC = BB -an -⸗--⏑ 
1 280 cc — 


Corollary, . 9 \ 
- ** N vs 


x „ it n chat if the Sides of any Acute- angel Di 


gle. be known, the Perpendicular P, and the n of the $ 
Shercon it f. en a 10 may oy rhe Oh, 


Sl. ti. <tr 


— 


— w 


"CHAP. IV. 


The Solution of ſeveral Eaſie Problems 7 in Plain . 


whereby the Learner may (in part) W the Applicati 
or Uſe of the *foreguing Theorem. 


_— TAIT 
- - i 34+ 3 3 d v4 * 


| 1 


Note, I hen a Line, or the Side of an RE Triabgle, is 
way cut in Two (or more) Parts, either Ly. a: Perpendinll 
Line let fall upon it, or otherwiſe, thoſe Parts are uſuallj 5 
Segments; and ſo wuch as one of thoſe Parts is Longer thi 
' the other, is call d thè Difference of the Segments. 
Aud when any Side of a Trias gle, or any Segment of its Sid 
' given, tis uſuallymiark'd with aſmall-Line crofs it, thus 
and thoſe Sides, or Parts 9 5 . e, are Jang, art Mar 


with four Points, thus 


-PROBLEM & 


Jo cut or aii a given Right-line (as S) into Extrem 
Mean Proportion, (II. e. 2.) 


Hat 1 is, to divide a Line ſo, that the Square of the grel | 
S-gment (or Part) a, may be Equal to the Rectangle ® 
of the whole Line $, and the leſſer Segment e. x 
Pix. IIS 4 a, by the Problem. 


. 
S — 2 Se, for SS at. : 


. - And]'2 
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* 

424 —— 
= 
—— 


2 and 34 4 F=5—4 By De. 
Hh X 5 les e Sa” 
S SS 


: * 
1 
N + = 
. 19 
1 1 i 
4 | 
[4 3% q 
' > U 1 
i 
1 
1 N 
! * i 
I, 1 
1 * 
1 
1 
1 
| \ 
— *F _ 
1 
|| | g 
145 
14 . . 
4 
j 
17 5 
11. 
= 
U ' 
i | 
: * 
h 5 
4 L444 
| 4 
a 
1 
: 4 


1 1 285 TF Lk x8. Lee * 195, 28. 


—— 


Note, The lift Problem carindt the truly y anſever” d by Nembers, 
t Geometrically it may be perforntd, 7 5 


1. Make a Square, whoſe Side is = $ the giver _— 82 biſect 
ne of its Sides in the middle, as : ob 

; upon the Point C deſcribe loch r 
temicircle as will paſs through the 
moteſt Points of the * and 
ll lleat its Diameter. 


2. Then will either Part of the AY on ah End 2 the 
de §, be == a, the greater Segment ſought. 

But 4 a+ S: S:: S:. By Theorem 13. 
Ergo, a a+ $4=$SS. Which was to be done. 


PROBLEM II. 
The Baſe of an 2 Right-angled Triangle, and the di ERR be- 
y 


tween the porhenuſe and Cathetus being given, To find the 
Cathetus, (9c. | 


1115 72 
Ley |= 32 
And] 3 {a == Cathetus ſought 


Then 4. * + aa = dd + 24a -I aa THRASH. a; 
[By Theorem 11. „ 
5 = dd + 24a r 
Wade 2da r bb dd 


| bb Ad r 
7 28 


Or,'s, b : d + 2a::d:Þ. Ss — 135 | 
 191þþh dd + ada.” As before at the — Sep. — 


& x1 * Here 


2 : | | — — 
322 Elements af Geometry. Fan lj 
— 

| Here you ſee that either Way raiſes the ſame Æuatian; + es 
ther is there any conſtant Method or Road to be obſery'd | in {al 
ving Geometrical Problems, hut every one. makes uſe of ſich 


Ways and Theorems as, happen to come firſt into Gel Mind, the 
Reſult being every Way the ſa ne. 


ES PAOBLER I: nd} 


The ee between the Bafe aud Hypoth 1 i 
2 Triangle, and the difference betwoen the . 400 
Hypothenuſe he ing my ee To * the e 


Let 4 [3.72332 2: 


2 K 25 27 


6 775 ES 


d + a = 
md = by Fon. | 
4 & 216 24a ＋ as aa=9yy 
5 217þxx + 2xa + a4—=ec 
3 2 218 rd CLIT Sis Topal 
T 719] ad 230+ #x-+-2.4 a= 35 6 


1 two laſt Steps are Equal, by Theorem: 1 1. Conſequent) 
if thoſe Things «IE are Equal in both be taken away, the Re- 


mainders will be Equal By Axiom 2 
That is, a aa=2dx = 1600 


? 


EDT — — KS Cuao wo tw tSy9 


a 
10 w2j11]a==v 24x = 20 


: + 11\12!1d + a=72=y The Baſe." LY 
2 + 11]13]x +4=65 =e The Carherus: 
1+2-+111141d4 + x-- a y The 2 


„ 


PROBLEM W. 6 hit 
The er, aud the Sum of the other bu 75 F any 
Right-angled Triangle, being gien Three to o find the 1. 


Let |i]H = 97 
And 2a - e =S = 137 ; 
By Fig: 1 "= 9 — 1b WY) 
© 21414 ＋ 2 ＋ ee= — _n___ —__—_— 
35 2a2 =SS — HH © KY 6 
9 


= VVT 
w 27a - == 2HH—SS 
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y + 8 $124 eee 144 | 
2 N. 2 


2 24 9 P 1 „ gr Ine N ne 
— =o 1 — — bs The Cathetus 
1 2 — — —— — 


6 


"PROBLEM V. 


The Hypothenuſe, aud the Difference of the other two Sides of 
any R gh «pies Triangle beg given, To Beg; the Sides. 


5 29 As before. 
14 — 25 d —= 2 Quere 4 | 


3laa+ee = bh | 

aa — 24e Fr e dad 
24a 5b tt . 114 — — 

42 ae fe — —0 k k WT we 5 
a ++ e\=Vz2bhb dd | | r 


2 — ö — — . — — .ꝙ——. .. ——— i == — — 
— n — © — = . 
= — E þ — — — — — — 
3 4 = . _— — — p — — — — — — — 
r = * 2 3 | ( 8 l 
N | . l = = 
- - — — * — 2 > — — - — — — — — — XR — - 
_— = 2 222 oy Cr l > — Ld LES v —_— 
1. 3 r - n > 0 * >> 
9 — — a - » 4 = -'2 by _ „ >. 
7 XS. — — — 2 _— = - == = S — = = 


= — —— — 
— — 2 I 
— - - — = = 3 
— - _ = 
—— ng ow * 


24, —= dedra Ed olltont 224 ' 
a =72 | 
1 Nr Hella) ft rerabifrY 
PROBLEM:VL g 


I any Right-angled Triangle, either the Baſe, or Cathetus, and 
the Alternate Segment of the Hypothenuſe, (made ty a Per- 


pendiculay let fall from the K * / being en To find 
| the other Segment. > 6c 


- _— — - 
— — — 


: 1 
1 ( 
[ 
iy 
| 
| |! 
LY 


Let] 1]c = 45: The Catherug-.. | 

"| And} 215 = 48 _ The * Segen. . 
. 5 n 3 
| Then 3/% ex; e:a Quere 1 

3 4 41A See eee eee 

Again, 5 c — aa = ee. By 7. Her. II. 

9 5] 65 cr = ,..-.. ..i- 1 

6 o aa| Z aa ＋ ba=cc _ 

I, C8 2 TT ln 


d 2] 9 a ＋ Ve + 2 
9 


So e bb: — 222 And Gon fore Av. 
Tr TT hall 


324 "5 — Elements of Geometry. 


Ea Ihe 
I ſhall now ſhew the Geometrical Confiruftion (or Solution) " bi 
the Three Caſes of Quadratick Equations promis'd in Page 202. a 


Let the firſt Example be that above, viz. aa ＋ ba — <<. Cafe, 


Make the Coefficient , and the Root of the R cr (which 
is here) c, into a R ight-angled 


Parallelogram. And ppon themids — . 

dle Point of the Side = þ deſcribe . -* 8 | 
ſuch a Semicircle as will paſs thr o « 
the remoteſt Points or Angles of * i. 1 3 
the Parallelogram, compleating its f: ..“ 


Diameter as 1n the annex'd Scheme. 
Then will either Part of the Diameter on each End , be Equ: 
to'4 ; the other Part will be a , and the Side c will be 
Mean Proportional between them: That is, a+b:c::c: 
By Theorem 13 
Conſequently aa + bag cr. Which was to be done. 
| PR O B LEM VII. 
The Difference between the Baſe and Cathetus of an * ” 
angled Triangle, and the Perpendicular let fall from the 15 


angle upon the Hypothenuſe, being nad: 5 * A * the 
Hy N Sc. 


Let 1415 The Difference of the Sides | . | 
g ; a = e PL Ne 
344 = The Hypothenuſe. * 423 


By Fig. 414 - a J-e:piiace jaws PO 
My; de Page * eh N 
Again, 614d + 24e + 26 — 44. 'By Throrem 11. 


5X 2] 7124 + 2 = 25 Nos 
0 —- 7 : dd = an-— 2pa Caſe 2. 
an — 2pa + 7. e _ 1521: 
9 w 211010 —p =o WF 20 

8 =p+ vdd + pp - — for e. 82 


The GCrometrical Conſtruftion of this Caſe 25 viz, 8 7858 
may be perform'd in the very ** 2 4155 
ſame manner as the laſt . 
was; that is, by ma 
Right-angled EA. " Mi 
the Co- efficient 2p and the : I 
Vad, viz, d, Kc. As in the „ 
arinexed Fi igure. 5 


hap-4- Of Reſolving P2oblems, 325 
Then will the Greater Part of the Diameter to one End of the 
alllogram be a, and the Leſſer Part will be a — 2p 

_— Fora:d::d:a— 2p By Theorem 13. 

\ Conſequently, aa — 2pa == dd. Which was to be done. 


PR OB IL. EM VII. 


h Hypothenuſe of any Right-angled Triangle, and the Perpen” 
dicular let fall from the Kight-angle upon the Hypothenuſe, be” 
ing given, To find the greater Segment of the Hypothenuſe, Gc- 


Let] 1)þ==75 The Hypothenuſe 
And] 2[p= 3 
Then] 3Ja Te = h Quere a 
Fig.] 4Ja:piipie 
„ee? 
IEEE. 
3— 4 lh —a—e 
5 6] 7 „ 
1X 4 8 ha — aa = pp Caſe 3. 
E 9laa — ba —= — | | 
roh — ha a =3bh pH =110, 25 
Ow 211114 — 252 Abb — pp = 10, 5 


141 12la=1h + . Or a=27- _ 


The Geometrical Conſtruction of Caſe 3, viz, ha — 4 = pp, 
may be thus perform d: Draw a RgbBt DIE W230 
line (of any convenient length at plea- ox + 


le) aud near its middle ere& a Per- SS, 
pendiculas — p, wiz. of the ſame - 3! 
length with the Root of the Refolvend.. : : 4 —=a:; 14-S 


From the top- Point or upper-End of. þ 
that F ſet off half the + = a8 | 
kngth of the Co-efticient, viz. 3 h, and upon the Point where 3 f 
jt touches the firſt Line (with the ſame' Diftance ) deſcribe a 
*micircle ; then will its Diameter þ be cut by the Perpendicu- 
r into two Segments, which are the two Values of the Root a, 

dis, the greater and lefſer Roots, both taken together, being al- 
Mays Equal to the Co- efficient; (vide Pag. 201.) 

For y — 4: p:: pra By Theorem 13. 

Ergo, ha — aa = pp. Which was to be done. 


PRO- 


25 Clements "of Geometry. Fart! Jil 


| PROBLEM: tz 5c; (live 4 


The Perimeter, 571. 1he Sum of all the three Siges a any Right 
anel:d T ian g, aud its Area, pring given, T hence to deal 
Side. 


7 Ia + erty = 85 234 The Sum of the Sides, 
1 And ELIE 3 
ain, | 3 Þ+: ee n 
402 ꝗ ͤefᷓ 4 585 
n D i 7! 
1 — lar =- . 
6 & 2] %% +2020 +ee =55 — 269 Þ Jy 
5a] 8 UAA =5s5 — 29+ yp  - 
= : | 9429 = = Is . 2 
— ä — Woes ants 2 2 
92 28 * —— a4 97 The Hypcthe 
6, TOſiijaÞ$e=S— y=127 = 
— 411214 -= 24e + ce =1y — 4A 249 
2w 2[13Ja—e=4/49=7 | 
LIT13114124=137-ÞF= 1447 5 
13— 21175 22 MN 85 
ron e . Cale, 1 
5 PROD EEMX 1. 
Tr any R g t- crgird Trinrg fe a Perpendicular beirg let fall 7 


the eng #Up07: Wor; Hypothenvſe, / if the = of eacl 
Seoment, when added to its adjacent or next Side, be gin 
Thence to find each Side, and rhe Ws Mel 
Viz. If 1,4 þ-# 108 
And] 2e + y==z=72. 
N 2, © 5 NN and p 


bins 


— — 


2 8 C1 
4% = $8 — 284 ＋ aa 


2 — e 6jz - Y 

6 O 23 = — 222 Ke 5 

7 —ee| Bizz—2ze=3y e = pp 
Ny 819. — AF e 20815}; 50 9413 $3 ip 
By Fig. 10a : : 5: N U 1 6 $1 
ID „ IIIa = PP 5 88 5 

57 11 II 2 Jae = $55 — 254 


x 5 4 — aa SS — 284 8 BEE 4 9tf2901 3 


l 


Of \Kefalving Poblems. _ 


T7 5 


ubſtitute 


Then 

o CO 
Au 2 
e —- X 


t 13 


325 


| 


26 


24 


* : * * * 4 . - * * i wo * k r 1 
g 6 +» | ; . $35 F yore — * N. Tx" y \\ * 0 1 ' \ \ * 
ny 220" _ Ay * . I - : - 
18 N : en 8 
4 * 
a 2 13 


| 


. 55 — 254. h 5 
ä —x̃ | 5 * <} | 
— a v. 6 . 4 


mT; Kr 


* 


riger f, <Q! 
+4 *. \ 
5 


| OS 5 1 wh N 


254 —— 


\ 
z 1 — ME. . KS 9 C 
2 * A= . 


4 + » W. 


61224 = 8 — 274 25 Ax 98m 42 - 9.1 


2544 * ZA + 4253 — 2 Dan bib 
ne + 220 = 4 = bt wo 


* " 8 
. % RX | : 
W 0 1 7 


Rn 3 0 1 by * orgy | 
ound 2c PRAW+ 612 8 
aa L- 2* K = D 
aa + 2xa + xx = xs + & = P. 1025, 8 Ae 
a ＋ * =4x/25 TFN =105,", J\ 
4 = f * 
1 = 60. be Bae. 
e - 28 = 27.5: ESE 3 01 
y = 45 = the Cathetus. | 


a + e — CT % Þ 


0 


And 


Then 


oF, 3 _ 


PROBLEMS. ODE, ve 


The Difference of the Siena any Obkegue: led TERRI 
th: Difference of the S 2 

tetween the greater Si: rand the Baſe, bring given, To-find 
the Baſe, Ge. | 


gmentaof the Ba 


and the Di 2 


d the Diſſetence of the Sides = 405 =" 
the Difference of the Segments — 495 

x = 165 the Differ, of the greater Side and Baſe. . 
a= the leaſt Side 
4 + a Ix = x = the Baſe 


> 1 wy way a+: 242d: 7 eee Wie | 
By Throrem 1b. A4, 

db+ta+bxxdd- 2d —— 

24a —ta==dbpbx—dd J 


| dA +a — 789 S — the greateſt Side, 


. at; «= 945 = the Baſe, 


* 
\ o 
* : j . a d 
- 


| 
| 


— - 
— 


IA 
— 


— — 


_ — — 
- wy 


— 


_ N 1 — - — — 
— — — — — — - — - — BY — — os _ — — 
— — — = 4 At > _ — a - — 
— — — * = —— = - 
— - — — — - — ho - E — — — — 2 — — — 3 
— _ 2 > * 2 
_ _ — — _ — = = 1 
= o _ - — o * — = =' 7 * 
» £ - = = —— > ——— © +. 2. -2 — 
= = = = 


_— —— — — == 


* — — 


n 


% 
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Elements of Geomet 


The Difference of the Sides of any plain Triangle; the Differ 
of the Segments of the Baſe, and the Perpendicular let fallſn 
the vertical Angle, being given, Thence to find all the did. 


Let \ 
A 


Quere 
Then 


13 
Subſtitute 
75 8 
9 ＋ 24 


ö 


PROBLEM XII. 


dq — 405 
5 = 2525 before. 
1 =" 00 


a2! je leaſt Segment. 3 


— — - -  — 


+ 2e::d:b 
bb + 2ba = dd ＋ ade 
bb - dd + 2ba = 24e 
2x = bh dd 810 
2x + 2ba= 2de > 
10 . Wt 


i1]pp + aa=ee By 


% 5 0 
"xxx 
"0 
*%" 
"\ 


* 


© CON On þ n 


Theorem 11. 
XX + 2xba + bhaa | 
by hk — 


xx + 2.x64 + bbaa _ 
I3 LIE > 


n 


=pp T aa 


xx + 2xba + bbaa — daaa 
3 — * 24 2 — KL 


2ĩ 4 + 2xba if ppdd — xx 


aa+ba-t-13þ = ag 


I4 
15 
16 
17 


18 


2X 


19 


20 


21024 = 450 N 
220 ＋ 24 = 945 the Baſe. 
23 ſ%e = 375 = the leſſer Side. 


The Sum of the two Sides of any plain Triangle, the Different 
the Segments of the Baſe, and the Perpendicular let fall fron! 


24'4 + e == 780 the greater Side. 


PROBLEM XI: 


Verſic 


329 


— MN 
Chap: 4. Of Reſolving Pꝛoblemg. 
"Tertical Angle u; 


1 the Baſe, being GS, Thence to fp ud the 


Baſe and the Sides. 


XX— 2x44 + ddaa 


s = 1155 the Sum of the Sides. 


= 495 the Difference.of the Segments. 
_—_ oo the Perpendicular, | 
1 12 e leaſt Segment. 

e =:the leaſt Se, Es. 

4 + 24 = the Baſe. 


ze S the Difference of the Sides. 


47 4114: 26 4 Ha 
aa + E * 
Va + pp = 

dd + AS bs = — 2e 
280 A 5 — dd — 24a 

2x = 5s — dd | 
250 = 2x —24a 


— 


=aa+ pp" 
ar — 2xda TY ddaa = $544 oy 1 
$524 — ddaa + 2xda = xx — 5 


2xaa ＋ 2xda = L. — SSpp 

aa Þ+ da = —j 2 Ge. OW 
a = 225 

24 = 450 


4 + 24 = 945 the dab 
eg 375 the Ver Side. 


E oh . the — Side, 


41 


PROBLEM XIV, 


4 the Sides, 2 the Difference of the Segments of the Baſe, 
leing given, Thence to find the Baſe, Sc. 


ges 
315 


[be Aren of any Oblique=a 255 Plain Triangle, the Di ference 


= 141750 = the Area. 
= 405 
= 4 


Uu Put 


| 777 N b 


gd = ho * 
) A 


. 
ba — dd a 


bbaa — 25 gl he. 
. | 


_ e 


5 


— — 


53 er —= 
thaa — 24dba oþ dddd —- _ 


4dd F 
bbaa — e 16 
bi 4dd — —. 747 3 
4 l 92 
Si i9| —44ů7 — 2 = 44, 4 + . N a 
113 .— 24dbn + dan = 1 4 dun I 
19 * ad 20 A — adaba + ddhbaa- e 1 
20 + 221. B — dda* + Pos alta. = 164444 
: . 16.4 7 5 
21 — 22 ance Mm er" 1 
22 CJCJI23 e 
23 w 224|44—jdd = . 
— — — 
24 + 14025 lu 4 LEY e 
N 3: Y r her IP 
25 w 2126 44 + = + 1dddd = 945 


— ee Er EIT 


N — Dee 8 331 
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PROBLEM xv. 


There is an Obli 7 gled plain Triangle, wherein h perpendi- | 
cular is let fa 7 757 ertical 7 34 i pon the Baſe; the 
leaſt Side and the Baſe are given; an A PR:Gelg le of the 
Difference of the Sides 150 the leaſt Side i -of fo the 

are of the Difference of the 1 o oa : Tis re- 
quir d to find the Segments of the Baſe - 


c=36 = dan f 
Ler 4 | e =the Boſe 255 
And] 3ja +2e=B 
4 * == the Difference of the Sides. 
—— . 


LES 435 r B=a 2c 
TI: 18. 


1 
1 


4] 7 pence 2 
15/4 + acta = er B 
164 ＋ 62724 = 88512 a 


. Value of a, in this Æguation, may be found as in the 
unte Pay age 238, viz. by putting r + e — 4,&c. as in thoſe 
Examples you w find a = 37,55592) &% 5 


14 Tacca 
1j in Num 


— — 


PROBLEM XVI. 


The three Chords or Subtenſes of three Arches rom pleating 
demicircle being each given, Thence to find the Diame ter > of 
that Circle. That is, 

40 Trapezium being in bs ra d in aSeinictcels, if one of i its Sides 

* the Diameter, and the other three Sides be Sven, Thence 


to find the Diameter, or Fourth Side. 
| Uu 2 Let 


Elements of G Geometty. _ 


P Part I i 


ban 109 
c = 4ethe 3 Sides. 6 
42 
a = the Diam. fought. p 2,1 
Draw the two Diagorals —— 
e and y | 4 - 
ca 4+ bd = ey By Theorem 19. | = a 


= do u Theorem 10 1. 


ccaa + 2bdca + bad = eeyy _ 
aaan — bbaa — ddaa þ bhdd = eeyy 
aaaa — aa ddaa ccan & 2bdca 
aaa — bba — dda = coca + aba 
24a  bba — dda — cca = 2bde 
aaa — $04 = 1 20 


This Equatics bein folv'd, as in Exam e 2. Po 240, you 
will find a = 28,5581, kr. pl 's 5 


© —__ * 
— — — x 
- 


PROBLEM wal 


I any Right-angled Triangle, the Area and the Sum of the Hy⸗ 
pothenuſe, hen added to either Side, being Sven, Oy fo 
uu the Sides, &c. | 


102 —=A= 1350 the Area 


Tents a the Sum, &. | | 
* a, e,and y hs . 


nnn. er tt 


© SES 


4 Yu. Bs 


inp. 4. Of Keſolving Pzoblems. 333 


* ——_— 


— — 


. | 454 , 4AM 
65 9, 11 121 4 ** TT Io 


. , 474 

That is] 13 = $5 — — 

; x 404% = $54 — 45A 

EN 15 | $54 — 444 — 4SA 

in Num 116 | 144904 — aa = 648090 | *$ 

The Value of a, in this Zquatior, may be found as in the 
id Example, page 241; that is, by making + e = a, &c. it 
be found that 4 = 60. 2 | | 


 _ _PROBLEM XVII. 
ere is an Obli e- angled plain Triangle, wherei a Perpendi- 
cular 7s let Fall | from the Vertical Angle u pon the Baſe; the 
zum of each Segment of the Baſe, when added to its adjacent 
„ext Side, and the Area of the Triangle, are given, To find 


the Perpendicular, and each Side. 
1 322221 oo 
Led 1 2 EQuere y, 3, e, and z. 
| 3] 4 = the Area = 141750 
| And] 4| a== the Perpendicular ſought, 

Then 5 en 14 2 4 | 

* J 

1224 6D þe= 7 
er Fi TJ) + 44 = 
175.4 8% 4- ag = 1 

— 3] 9Þ#=2z —J 

me ONO. 200 Fw E | 
21 = 2z— 225 + yy 
b G. 2012 = $5— 25? — ee 
K 134 — 2x5 = 4s 
5 1214] — 25e = 44 
3 S=|15|zz— aa = 223 . 
{ S>[16þ55 4a — 25e N 4375. | 
62 [22 — 442 Having found the Value of + 

** N = from the 24th Step, e and y will 
16 2 1 be eaſily found by theſe two 
7 25{18] =_—_= 5 Steps, and b u by the gth and 
7 + da „ er. 3 
n 


6, 19 


** — 144 ＋ 255 — nas SED 

22 a 23, ZLSA — aan + 2554 — aaa = 4& As 17 

23, Niem. |24| 9000004. — ane = 243000000 | 
Here a = 300 found as in the laſt Problon, 


PROBLEM, XIX. 


T here is 4 Right-cagled Triangle wherein a 6 icht - line i; dim 
parallel to the Cathetus; there is given the Gat us, that Sy 


ment of the Hypothenuſe next to the Catherus, aud the alt 
nate Segment of the Baſe ; Thence to find the Bale, Ge. 


'b=20 . £=24 . andþ=15 
6 + a== the Boſe. Quere a 


{ 


viz. Let| 1 
Then! 


Here b-+ a:c::a:e Per Figure. 
And aa + ee = bh Per Figure, 
* ca | ; "i ut ö 


2 
3 
4 
3 4 N 
6 
7 
8 


3 


ccaa 


6 — — 
, 7] SU = a. 


x 108 ccag h — bbaa 4 2bhba 2545 4 han- 
2 ro 2bAα,ẽj¶ ccaa bbaa -H. 2b h 


That is, |11]aaan ＋ 404 +7514 = 9000 = 90000. 


For a Solution of this Equation, let it be made 
aaaa + bana + caa - da C J 40 ca 
NE Vic, = 40 


Put r A 9000 . C = 9000 
2 6rree = 2 © 2 : ho 
| F 3brre + 2bree = bana 1 
wo 2cre + A. S caa — SC = 90000 
— ar de = da . 


Let * = 10 


+ Of — Problems. _ 335: 


Pry — —_—_—_— 


oþ ba Le 60020: | 
I2000e -+ I20084% 0000 
BEE 5158 +15020e * oh gs c 

— 99000 —» Hoooe ard: 


That is, 35100 + onto 90000 
e will be 22020e 25516 = 54900 


ene 85686 * mann 5 
N * 777 
* 8. 63) 21,52" (ane. 
.+.e 2244: * 2 
Diviſor = 10 1,52 rug 1210 
Div ſor 10, 7 227 ; = 2,0 
45! Ke. 212,1 = - for a 
md, Operations which eee and multiply d ate 
as 1 will produce theſe Numbers: 
. 7086, 246 = os 
C 


62,4400 1 0 9,20 152, ooee 


TT + 18174, 20 + 75 I;z00ee 
108900, oo — 9000,008 * 


Fre, 93352-2381 + 33829,647 + 3081,462e = 90000” 
Here, beca 93352-2301 I > 90000 Therefore 12,1 > 4, 

Ln be made ea, which will produce 

ame Numbers, only all the ſecond Sines muſt be chang d. 


Thus, ala — 7 e + 3081, 46 = 9000 


+ 


m 8 7 will ariſc quation, , . 
+ 170 — WT _ 43 5 
mlequently, 10, 784 — ee = 1,0878733 2 


ration 10,9784) 1878 7332 1. 0,9999 = ; 
—e 9999. 49792: ... 


Diviſor 1088 108673 Laſt 1 12, 1 | 
WS Diviſor 10,879. ' 97911 | — -2? 00,9999 : 
Diviſor 10,8785 1076232 7242 = I 2001 
0 | 979065 

| Kc. 


PRO B L E M . 
7 Oblique-angled Triangle CA D there is given the Side AD, and 
e Sum of the Sides ACD; alſo within the Triangle is given 


ICH the Li A 
ode oa, Ke, Perpendicular to the Side CA; Ibence to ad 


p Ns 


— 


9 


10 
11 
12 
13 

14 


Elements of — 


CAAD =I 
AD=d=32 
AB =b =21 
CA = a ſought 
$—&4a—=CD 


— —— — 


the Line D F Err | 
Parallel to A B, and c 4 produc d F 
ACA B, and ACF D will be alike. 
Be:CAr: DE EF rn 
== Le AF=e,ad FD=) 


144 — wy 


| 


|2x = 55 AA 


+8 — 
W ETC 

— — 2 + aa— O CD 
SS —258 Tae Lage Tee- N- | 
eee, ty gn | 


dd = ee + yy = OT IONS 
SS — 254 — dd — 24C 


X — a —= de 


SSAR — 25444 — 
th" aa =. 2 , 
. 2x04 $544— 2543 + ay < Cr 
4 4 1 
1544 — 214 KC > Loot 
bb ＋ aa _ 
ffs xx — 2x54 ＋ 2xaa ＋ 144 — — 45 
4 4 


Numbers, will 


which being 


* _ 2 — —  , — —— * . -»: = 
_ +4” 2 — — Pay” - "7 
ye 
” 1 os & — 


This F2 quation being id out of the F 3 ud * 


— 2018aa + 125409 — 2464230,2544 + 354685 
= 274183922,2 

vided by , 2018, the Co-efficient of the high 

Power of a will lr 45 ba? —1221,125aaF 1757 5,997 


— 


become 


2135869, 138875, &. 


* > 
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And from hence the Value of a may be found, as in the Laſt 
oem, due Regard being had to the Signs of every Term. 


This Work of Reduci»g, or preparing Agquations for a Solu- 
0% by Divi ſion, hath always been taught both by Ancient and 
odern Writers of Algebra, as a Work ſo neceſſary to be done, 
hat they do not ſo much as give a Hint at the Solution of any 
dfefted Æquation without it. 

Now it very often happens, that in Dividing all the T-rms 
fan Equation, ſome of their Quotzents will not only run into 
lng Series, bat alſo into imperfect Fractions, (as in this 
2 above) which renders the Solution both tedious and 
mperfect. PITTS . 2 

0 remedy that Inperfection, I ſhall here ſhew how this 
[mation (and Conſequently any other) may be Keſolv d wich- 
u ſuch Diviſion, or Rłduction. 

Let þ — 2018. c := 125409. d== 2464230,25 

= 35466397. And & — 274183922,25 
Then the precedent Æquation will ſtand thus, 


— baaaa + caaa — daa Ja G 


Put r +e = a As before. i 
my by+ — qgbrrre — 6brree = Bas | 
: cr | 3crre + zeree = + ca3( 
Then wil 5 dir — 2dre — : dee . 2 
+ Tr . = + /a 


This is plain and eaſily conceiv'd ; The next thing will be, 
bow to Eſtimate the firſt Value of r; and to perform that, let 
be Divided by b, only ſo far as to determine how many 
Places us _ Numbers there will be in the Quetiert ; Con- 
gquently, how many Points there muſt be 75 
Eight + the Equation. ) 0 accord ing to the 

Thus 5 2018) G = 274183922, 5 (130000 
bes | 2018 
7238 &c. 


Now from hence one may as eaſily gueſs at the Value of 
„ : 7 
v1t all the rms had been Divided. That is, I ſuppoſe r 210, 


wich being [npolvs, &c. as the Letters above direct, will be 


- = Bb — 23838930 
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— 20180000 — 89720008 — 12108 ᷑ ) 8 
= CG 


+ 125409000 ＋ 2762270 + 376227088 
— 246423025 — 492846056 — 2464230, 25ee 
o+ 354683070 + 354663072 23 
Viz. 213489045 + 15734492e + 87239,75%e = 2741839 U 
Hence 15734402 + 87239,75ee= 60694877,2 | 
Conſequently, 180,3e + ee = 695,72 = D 


„ n 
= an B34 
Operation 180,3) 095,72 (37 2 


y WY = 11 


* 337 549 N ne [ 
I. Diviſor = 183 146,72 Firſt y = 10 
2. Diviſor 184,0 128, 80 + 35 1 

| : &c. | . F+e= 13,7 Srl 0 


a ſecond Operation, with which you may proceed, as in 
Laſt Problem, and ſo on to a Third Operation, if Occaſion i 
quire ſuch Exactneſs. But this may be ſufficient to ſhew t 
Method of Reſolving any Adfected Ægquation, without reduc 
it; which is not only very exact, but alſo very ready in Pr 
Rice, as will fully appear in the laſt Chapter of this Part, o 
cerning the Periphery and Area of the Circle, Sc. wherein yo 
will find a farther Improvement in the Numerical Solution 0 
High Equations than hath hitherto been publiſfyd. 


— — all. > 4. +3 


. 


o HA Ff. vi 
Pradical Pꝛoblems, and Rules for fndivg the Supet 
ficial Contents, or Areas of Kight-lin'd Figures. 


REtore I proceed to the following Problems, it may be cot 
— venient to acquaint the Learner, That the Superſi ies 
Area of any F. igure, whether it be Kight-lin'd or Circular, 
compos d or made up of Squares, either Greater, or Ls, acc 
ing to the different Meaſures by which the Dimenſions of | 
Figure are taken or Meaſur d. TY TY 
That is, if the e wor are taken in Inches, the Area Wi 
be compos d of Square Inches; if the Dimenſions are taken 
Feet, the Area will be compos d of Square Feet ; if in Yards, 
Area will be Square Yards; and if the Dimenſions are taken 
Poles or Perches, ( as in Surveying of Land, Sc.) then the Art 
will be Square Perches, &c. Theſe Things being underiioo 


s & «+ fc tw +. 


Ch. 5. Practical Rules abont Area's, &c. $39: 
nd the Definitions in the 283 and 284 Pag-s well conſider'd, 
will help to render the following Rules very eaſy. 
PROBLEM I. 


Jo find the Superficial Content, or Area of a Square ; or of 
any Right-angled Parallelogram, 


be the Area requir'd. (See Lemma 1. Pag. 302.) 

Example, Suppoſe hs Line AB =6 © CS 
ſwds, and the Breadth AC or A G B 
BD = 3 Yards. FRI. 

Then AB * =6 x3 &= &= 18 5 FI 
ul be the Number of Square Yards | 04 
ntain d in the Area of the Paralle- C 1 D 
gm 4 BCD. | | 
This is ſo evident by the Figure only, that it needs no De- 
un ſtrat ion. 


PROBLEM IL 


I find the 4 of any Oblique- ang led Parallelogram, viz. 
eit her of a Rhombus or Rhomboides. - 


Kal Multiply the Length into its perpendic «lay Height, ( or 
> Breadth) and the Product will be the Area requir d. | 
That is, the Side AB x BP = the Area of the Rhomtus 
ABCD. For if BP be drawn per- 

pendiculay to CD, and AG be made 
parallel to B P, then will GC PD 

ml G P= CD. Conſequently A_AGC 


ABP D, and ABG P=Rhombus - : 
But ABx BP=TDOA BG P. There- . 
bie 4Bx BP, or CDN BP = the 
Area of the Rboikdais ABCD. | 


perdicular B P. = 17,5 Inches, (being 5:7 5 or neareſt Di- 
fiance between the two Sides A B, and C 

Then AB BP 23 x 17,5 = 492,5 Square Lache g being 
be Area of the Rhombus requir d. 

The like may be done — any & homboides whoſe Lergth and 

erpendicular Breadth are given. 


X x 2 P R O- 


Rule 4 Multiply the Length into its Breadth, and the Product will 


Example, Suppoſe the Side A B = 23 Inches, and the Per- 


2 
— — . ̃⁰u] . 7 ‚⁰—-.- ́ . 
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PROBLEM W. 
To find the Super ficial Content, or Area of any plain Triangle 


Every plain Trianzle is Equal to half its Cir cumſer thi”y Pard 
Ielegram, (41: e. I.) which affords the followirg Rule, 
3 the Baſe of the given Triangle into Hilf i 


Rule perpendicular Height, Or Half the Baſe into the whal 
Perpendicular, and th? Product will te the Aren. 


| That is, BD x 106 or! B Dx CP = Axen of A BCD 
For AC=BP, AB = CP, 2 c 
and BC'is common to both A A F; ed * 
therefore GQ ABC S ABC FP. EN 
And for the like Reaſons A CFD © bf: No 

== A CEE | 5 —dp 
Therefore ABCPEACPD B P 

= ABCD. Conſequently | BDx CP, or BDx A 
will be the Area of the GBC D. 

Example, Suppoſe the Baſe BD = 32 Inches, and the per 

pendicular Height CP = 14 Inches. 


Then + BD x CP = 16 x 14 = 224 Or BD NC 
= 32x 7 = 224. Bots 

Or thus, 32 x 14 = 448. Then 2) 448 (224 == the 4ra 
of the T4a»gle B C D in Square Inches. | FM 


PROBLEM IV. 
3 u Fatt 
To find the Super ficies, or Area of any Trapczium. 


Firſt, Divide the given Trapezinm into To Triangles, b 
drawing a Diagonal from one of its Acute Argles to the Of 
polite Angle; aud let fall To Per pemd icul ars (from the other T 

Argles) upon the Diagonal. As in the following Figure. The 
Multiply half the Dingoral into the Sum of th? Two f 
rule) pendiculars, or half the Sum of the Perpendiculars 1 
| the Diagonal, and the Product will be the Area. 
That 15 40 BF + Ed. Or 4 CX BPA ED An 
of the Trapezinm ABC D. Foot ofa ; 


For the A AFC is Half its Circumſcribirg Parallelog | 
And the A ACD is alſo Half of its Circumſcribing F aralle 
27am, As hath been prov'd at the laſt Problem. 

F f p ie ( onſeque 1 


\ 


h. 5: Practical Rules about Area's, &c. 341 
Conſequently, BP4+ ED x + AC, or +BP + 2 ED AC 
jill be the Area of the Trapezium, 2119900) g- 


#44 FR" yY «1 4% 
\; obove. . 2 


Erample, Suppoſe the Diagonal .., E. 
= M beet: the Perpendcu- AR; : 
7 BP = 15 Feet, and the Per- :* WV | 
yndicular ED = 14 Feet. Then % » 99g 
p E D = 29 Feet and + 5 4 4.2 
P+ED« + AC= 29 x 16,5 . 2 4 
478,5. Or ACxX 1 BP +3 ED =33x = 4785- 

thus, 29 x 33 = 957- Then 2) 957 (478,5 any of 
eſe Produdts are the Area of the Trapezium A BCD. 


PROBLEM v. 


hfind the Sup2rfirial Content or Area of any Irregular Fogon 


t many Sided Figure, which by ſome _»_ 
uthors 7s call'd a Triangulate becauſe — 
[as [ ſuppoſe ) it muſt be Divided into Ol ; 
havgles, as in the Arnexed Figure 44 .. . . % 


{BCDFG ; by which it is evident, G..... 
that the Sum of the Area's of all thoſe : 
Fiargles, found as in the laſt Pro:; F 
Hem, &c. will be the Area of their 
rumſcribing Polygon, © 
b find the Superficies, or Aren of any Regular Polygon,viz. of any 
k-gular Pentagon, Yeragon, Beptagon, Octagon, cc. 
2 "of the Sum of its Sides into the Ra- 
G | zus of the Inſirib d Circle, Or half the faid 
eras Kates Radius into the Sum of the Sides, and the Pro- 
| duct will be the Area . | 4 
That is LB +BD-+DE+E EY ET | NE. c 
= the Area of the Annexed Cdtagon: wherein it is evident; 
lar its Area is composd of ſo many Equal Iſoſceles Triangles 
x there are Number of Sides in the Polygon, viz. of Eight / ſo- 
Mie Iriang'es, whoſe Baſes are the Sides of the Octagon, viz. 
= BO DE, &c. And the Sides of thoſe, Triangles; 
l + CB, CD, &c. are the Radiuss of the Circumſcribing 
Iau ; and their perpendicular Heights, viz. CP, is the Radius 
e Jſcril d Circle, 8 e 
But 


help to delineate or project the Polygon, if Occafion require i 


3 — - 
. - 
* — * . 
— — 2 f — on — — 2 
- 


Clemens of Geametty. Par! 


But the Area M any one of hole Feng, is ABxC( FX 
By Problem 3. Conſequently 
the Sum of their Area's will 
be, C P into half the Sum of 
all their Baſes, As above. | 

This being Equally evident 
inall R — Polygons whatſo- 
ever, makes the Rule General 


for finding their Area's. he 
Now becauſe it is requir'd U 
to have the Radzys ol the pro- T 
d Polygon's Inſcrib d Circle, 'P 
ſhall here 2 6 and demoy- 0 


ate )the Proportions that are 
| Mints the Sides of ſeveral Regular Polygons, and the Rudin 
both of their Zreſcrit'd and Cirewmſcribing Circles: the one 


— the other will help to find its Area. 2 


And Firft, Of an Equilateral Triangle. 


The Side of ilateral plain Triangle is in Proportion 
5 any Equ Pl 85 oporti 


ki 17. ſcribing Circle, As 1: To 0,57735027 K 


Inſcrib d Cirele, As 1: To , 28867513 8 
And to its Perpendicular Height, As 1: To 0,86602544 
That 4B: CD:: 1:0, 57735027 
is 4B: CG: 1: 0,28867513 E) 3 . 
And AB:AG::1: 086602540 ; 
| Demonſtration, H 
Let AB=BD=r : b 
Then will BO GD 8³ 3 
But UAB —-U BGS 4 H. go JI. 
By Theorem 11. | ro get?” . 
That is, Er =074 = 24. H 1 


Conſequentl 7, J 0,75 = 0,86602540 = = AG: 

Then AG: AB:: AB:: AH. By T heorem 7 

That i i, „8560254 1: 1, 15470054 Kc. 

Then 24H 535027 = AC. RE ON DG: ron 


That is, o, 8660254: o, 37 : 0,28867513 = CG. Q. El" 
Nov, by the Help of the Firſt a Gele ” Proportions, | yl 1 
ay to — the following Problem. 


PR 


274 


h. — Prantical Rules about area's, dec. 34; 


PROBLEM VII. 
The Side of any Equilateral plain Niargle boing given, To find 


Area. 

Example, Suppoſe the Side of the propos d e ABC 
be 25 Inches, viz. AB =BC=CA=25 A; 
i 1: 0866254: : A 8 2 25: 21,659635 - B 

B P. By Teen 13. Nl 
hen A P ( = * C4) x BP =the Area - 
ABC. By Rule to Problem 3. 
That &, 12,5 x 21,650635 = 270, 6329 


e Area in Sguare Inches. 8 


Or this Problem * be otherwiſe 41 f C 
87 5 thus: N 
et þ 47 = AC. Then 25 = 4. 2 ; 

s, 4bb Obs, 7 / 35 —= BP. 
0 . 35⁰ =BP x AC. Viz. e Area of the 


jungle. | 
Secondly, For a Pentagon. 3 g 


Side of any Pentagon, ig in-Proportjon to the Radius of 
Pare” pu- Circle, As 1: To o, 85065080 &c. 

its N rid Circle, As 1: To 0,68819096 c. 

nd to its Fe Height, As I : To een &c. 


AB: AC:: 1: 0, 85065080 
K. AB: CH:: 1:0, 68819096 
(AB: AH: : 1: 1, 53884176 


Demonſtration. 
Let 4 B=1. And draw the 
* AD, A Fand DG, which 
| - 4 . to one another. Then 
gay 19. 
ilequently, AG x DF = AFxDG : = AD xGF 
atis, AB -Q AD: ADX GF=1 
ce it will be AD — 1,61803208 : 
n.4 — [7] DH =} AH By Theor. 11. But DH! "AB 
eefore 5 TID — AB AH = 1, 53884176. 


hin, 4H 7 5 155 AA =2 4G. Þ | 
dA 4D Xare alike. or & A FD 


Ergo 


TY PS TW 


m—_— 
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Re FOI LAGS 0 Hence A 850665 


But AH — AC H = 0.68819096 , ED 
Lacs hence it will be Eaſy to R eſolve the following fark 


\5) PROBLEM VIII. e 


The Side of any Regular Pentagoi being given, To fd it. dre 

E xample, Suppoſe the given Sde to be 15 Iaches long, - theg 
it will be, as 1: 1, 53884176: : 15 : 2240826264 the pn 
pendicular Height and *; the gene Ru R409 29008 by 
=d65,619698 he Area requir 


1 Tbirdh, For an Odagon. 


TheSide of any Regular Octagon is in Pro portion to the Radius 
Circumſcribing Circle, As 1: To 1, 30656296 Ge. 
Inſcrib d Circle, As 1: To 1,20710678 Sc. 
A: CA:: 1: 1, 30656296 | Kh har 
vi * 134. C P:: 1 1187108, 


Demonttration. 


Draw the Right Line DB, and 1: 
from the Point lf fall the Per- 


p — B x upon the Diameter 


Then will ADBA and A DxB_ 
be alike. By Theorem 10 and 12. 


b =BA—=1.a=CA 
Lt — and y = Bx- 


Then] 11|2a:b::e: J Viz: DA: BA:: DB: 


iti 


18 


That is, D 4 — u DB= o BA. By Theorem 11, 


25 5| 4 bbaa — = bbbb 
4 we , 18 e | 


and oG&+0 e 


— 6 — 
15 Frattical Rules about Area' 8, c. 348 
6; 74a 24 —=b+. Or 24% abbaa = 55 


2 2 8a — 2bbaa = —3 _ | 

G . — 2bbag + b* = . * — 244 

un 2110 aa — bb = /xbv 

O * 11 aa = bb 4- y £4 

1 2|121a=4/ :bb N 130656296, &.=CA_ 
Then] 13 [4a — 4þþ = QCP, viz. H- H [CNE 
zu 214. V aa — TH — 1,20710678 &c. = —= CP. 


From hence TM be eaſie to find the Area of any Octagon. 


PROBLEM Ih. 
The Side of ary Regular eg ex being given, To fl find its Area: 


Example. Suppoſe the Side given ol be 12 inches long; Firſt, | 
1: 1,20710678 : : 12: 14 528136 — the Radius of its ins 
nb'd Circle; then 12 K 4 = 48 is fr the Sum of its Sides; 
id 48 X 14485281 36 = 695,2935 the Area requir di 


Fourthly, For « Decagon. 

be Side of ay Regular Decagon (viz. 4 Polygon of Ton equal 
es) rs in Proportion to the Radius of 

Ir Lease Chad. Circle, as 1: to 1561803398 &c. 


Inſcrił d Ci 2 as 1: to 153004276 Sci 
434: C4: 755 1,61803398 


BA:CP::1: 1353884166 

Demonſtration 

4 55 5 .a=CA 
e= DB and y= Bx 


ax If 2a:b::ety th 
lis, [| DA: BA: : DB: R 
1 2) = be 
4 and 29 = — | 
But 3.25 62 l: ask See Pentagon. | 
* © | Ie Of Te 
E F 1,01803398 | pb deed wat” 
710 5 IS 6=6 C4 
or 3 
IgE Ee By Theorem i. 
5! 71 V/2,0180 201803396 = = 0,25 = 1, 53884176 = CP. 


Y y IR. 
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PROBLEM X. N 
The Side of any Regular Decagon being given, T fr its) * 


Example. Kr the given Side be 14 Inches long 


: 1,53884176: : 14: 21,5 184 the Ales of Keage 
Carlo 2 14 50 c A 70 BB the Sum of its Sides. * 


21, 543784 * 70 = 1578 sees d the Arta requir, 


Fifthly, For a Dodecagoty | . 


The Side of any Regular Dodecagon (viz, a Polygon of Twel 
equal Sides) is in Proportion to the Radius of 

Irs 47 ircumſcribhing Circle, as 1: to 1,3186165 &, — 

In Ke Circle, as 12 to LIP &c, 


110 11937185165 
Vic. BA: 855 HER” Es 


Demonftration. 


Ande = x4; then a — e —= Cx 


Dj ee 

= e ; 

_ Furſt] 1] < drr As 
But 2] Bx = c= 0 
2 GG 2] 3] QB as Py: MH ee 
I, 3 4] — 4aa ee S553 1 
4 W 21 5 ay bb —- © aa — © ; H J Hie 
Again] E 4a — 4a = aa — ge e t 
Viz. OCB — DO Bx = U Cs; IR Ac 
5 X 24 7[24 bb D = 22e 1 
4 — 655 — tae ee n 
75 84 ee e 26g= | 
911022 y/bb — iaa = bb © le! 
10 O 2111 1 — 444 = 27 | 
Ii + © [I2|aaaa— bb = __ $6 5 , he 
13 Cl aa — 40 as + 45% 3. = 3 be 
I w 21404 — 2bb = /3 E= 357320360075 00 
14＋ 25615 ee 975 al 
15 w 2|16|a = v 3,7320508075 = = 1,9318516 65 =Cl in 
Againſ17]aa 1 E. viz, 0 en GE 4 


r 1 WW 


E OL 


17, Hence] 18 Cf — —.— 24 3 2 


- 
1 


| 


— TIC X ſe 

| » _ Cmfeftaiy. 

Hence, I the Side of any K. Elan Dodecagon be given, the 
rains, of its Tuſcril'd Circle may be eaſily obtain d, and thence 


e Area found; as in the laſt Problem, 


The Work of the *foregoing Polygons, being well conſider d, 
ill help the young Geometer to raiſe the like Proportions for 
chers, if his Curioſity requires them: And not only fo, but they 
ill alſo help to form a true Idea of a Circles Periphery and Area, 
ccordinig to tHe Method which I {hill lay down in the next Chap. 

TAE HE IS 5 n ad & "Fc. * 832 * 


1 1 45 

Neu and Eaſe Method of finding the Cirtle's Periphery 
and Area to any aſſign'd Exałineſi (or Number of Figures) 
by one Equation only. Alſo a new and facile Way of ma- 
ting Natural Sines and Langents. 


E IT us ſuppoſe: (what is very caſie to conceive) the Circles 
Area to be compos'd or — up of a vaſt number of plain 
ſoſceles Triangles, having their Acute ſt Angles all meeting in 
e Circles Centre. And let us imagine the Baſes of thoſe Ei- 
Wes ſo very finall, that their Sides and their Perpendicular 
Heights, vix. the Radings's of their Circumſcrib'd and Inſcrib'd 
ircles (vide Problem 6.) may become ſo very near in Length to 
ach other, as that they may be taken one for anqther without 
ny ſenſible Error: Then will the Peripherie s ofcheir Circum- 
bing and Inſcrib d Circles become (altho not co- incident, yt) 
| very near to each other, as that either of them may be indiffe- 
e ly taken for one and the ſame Circle. | 
But how to find out the Sides of a Poe (viz. the Baſes of 
mſe Tſoſceles Triangles) to ſuch a convenient Smallneſs as may 
be necelizry to determine and ſettle the Proportion betwixt a Cir- 
cles Diameter and its Peri phery, (to any aſig d Exattnefs) beth 


litherto been a Work which requir'd great Care aud much Time 


in its Verformance z as may eaſily be conceiv'd from the Nature 


4 the Method us d by all thoſe who have made any conſiderable 
[togreſs in it, viz. Archimedes, Suellius, Hugenius, Ma tius, 
ar Culen, &c. Theſe proceeded with the Biſccting of an Arch, 
ud found the Value of its Chord, to a convenient number of Fi- 

L352. Lures, 


Chap, 6 . of the Circles Periphery, 8c. 347 a 


——— — — — — 
348: Elements of Geometry. Part f 
es at every ſingle Biſection, repeating their Operations un 
bey had „ to the Chord deſi a0 Fn * 
And this Method is made choice of by the Learned Dr. ala 
in his Treatiſe of Algebra ; wherein, after he hath given u 
large Account of the*different Enquiries made by ſeveral, 7 
eminent in Mathematical 1 in order to find out fone 
aſier and more expeditious Way of approaching to the Circle 
Peri phery, as in Chap. 82, 84, 85, 86, and ſeveral other places, bg 
comes to this Reſult, (page 321.) - "i 
Is true, ſaith he, we might in like Manner proceed 0 
ce tinual Triſec ion, Quinquiſection, or other Section, if ve ha 
for theſe as convenient Methods of Operation as we have fax 
Biſection: But becauſe Euclid ſhews how to biſe& an Arch Gee 
« metrically, but not to triſect, Sc. and the one may be don 
« ( Algebraically) by reſolving a rf Aquation, but nc 
* thoſe other, withdut Xquations of a higher compoſition, I there 
fore make choice of a continual Biſection, fe, 
And then he lays down theſe following Canon. 


The Subtenſe of + Ĩ᷑ into 
n v : 3>—Y 3|into! 
of A V':2—vV: 21% &c. 24 
of. r V: 2— : 24 v2 ＋ 7 1 
of 7 2 V. TV. TV: 2+v3t 


&c. V:2=v:2+v:2+v:2+v:2+v3 
V:2—V:2+v:2 +v:2+v:2+v:2+v3 
V2=v:2+v:2+v:2 +v:2+v:2+v:2+v3] 


22 \ 

Ho tedious and: troubleſome the Work of theſe complicate 
Fxtractions 75, I leave to the Conſideration of thoſe, who eitb 
have had Experience the rein, or out of Curioſity will give then 

felves ihe Trouble of making, Try. 28 
Again, in page 347, the Doctor inſerts a particular Methd 
propos\d by Lilnitius, publiſh'd in the Aa Eruditorum at Li} 
fick, for the Month of February 1682, in order to find the Circk 
Area, and conſequently its Perzphery, which is this: 7 
As 1: tog -A r TM MNT 
Infinitely : : ſo is the Square of the Diameter: to the Circles A 
Bur this cohvergeth fo very ſlowly, that it is not worth the 1w 
JJ. 5: EY | n 
I thall here propoſe a New Method of my own, whereby t 
erer 2eriphyry, any conſequently its e, may bee 


chap.6. Of the Circle g Periphery, 8c. 349 
Wrfnitely near the Truth, with much greater Eaſe and Expedition 
m either that of Biſection, or that of Libnitius, as above, or 

other Method that. I have yet ſeen, it being perform'd by Re- 


ing only one Aquatior, deduced by an Ealie Proceſs from the 
roperty of a Circle ( town to every Cooper) which is this : 


The Radius of every Circle is Equal to the Chord of One fixth 
urt of its Periphery. 

That is, AD = DH— HG, the Chords of One third part of 
be Semicirele, are each Equal to A F! its Radius. 

Then, if the Arch AD be 

ſeed, it will be 


3=BZ=ZD. 


AS AH 
Let c . 


222 
Then| x I 
And 2K: 


at is, 3\FB: BZ::Fe:ex—= AD —24 

For] [AAFB, and ABAr, 2 
eee, 

11 That is, 34 — 44a = Ts ? 


ere 4 = the Chord of ir part of the Circle. 


x 18 
For . or - r 


Next, To triſect the Arch A B. 
I[2y — % Sa the laſt Chord. 
227% — 27% 9 - a 


3 INE RE 
1 |” Here 3== th hora i xe ar of the Circle. 


—_— 


Again, To triſet the Arch whereof y i is the Chord, 
Let 1124 — a3 = —Y 
4 2 2743 — 27 - 947 — 19 =P 
312434" = * 4050p -g bis-, , 
1 7 


* * 


8 ( 
VC 

— 0 ct \D 1 LEM 
7 eln 7015 2342 In 5283 + 2350" p 
419454 *.— J*. TIE 7 


12 4 199830 — 599490" 7873 Mp 


Fl 
i) uv 
. . I 
. 


6 9 * * ; er * 
| : wid T4 Menne 3 f N 4 1 A (fe. 
30 7 | $1043 — 81045 + 2704) — 3Oaꝰ D e 
27 FI Ne 1093581 + 7129 — 24g 0a i 
(6b goSAf7 + Af 27P | 


= | 12 — 459%“ + 459% % — 
N —255154) -1 850545 e i 


| 7 | 274 — 8193 —' 737147 — 3888847 + 

+8-56|10 3 + 7293049 — 107496% + \ = (= þ 
＋ 1046524"3 — 697484's ', -\ | 

Here a= the Chord oſ , part of theCirck, 


$ > VL Aer 


| Xx Xxx  @ @ | © 


— . 
— * 
* 


— 


Proceeding on in this Method of continually Triſe ging th 
Arch of every new Chord, and ſtil connecting the produ 85 
1: 0775 into one, as in the two laſt Traſections,; twill not be diftc 
to obtain the C H of any aſlig:1'd, Arch, how ſmall ſoever it be. 

Nou, in order to fachlitate the Work of raiſing theſe Fguatio 
to any conſiderable Height, twill be convement to add a tew us 
ful Obſervations concerning —— and of ſuch Contraction 
as may be ſafely made in them; whith; being well underſiood, mi 


1 o 
- 


render the Work very rr. - 


S543 903.25 366 en 
I. I have obſorv'd, that every Triſection will gain or aduo 


oue Figure in the Circles Periphety, but no more. Therefore? 
many places of Figures qs are at firſt d-fign'd. to be perfil il 
the Veriphery, ſo many Triſecttons t Fe repeated to taile 4 
LM quation that will produce n Chord anſwerable to that De ſign. 

2. I have alſo found, that all the Superiour Powers (f 
whoſe Indices are greater than the:Number of Triſections (11 
whoſe Indices are greater than the Number of de ſigv d Fignt 
may te wholly re. 2 as in ſigniſicant. Wh 24 

2. When once the Number of Triſe&ions, and then? il tl 
bigh-ff Power (of a) is determin'd, the Third Proceſs (912. ! 
Third Priſedtiom) may be made a fix d or conſtant Canon; for? 
it, ard Multiplication only, all the ſucceedir g Triſections (bh d 


many ſoorer they are ) may be COMP eated without re eating 
ſeveral [nvolutions, ; a ; 
, : & © 4 


Chap. 6. Of the Circie Pekip A 33T 2 
- 4; In raifing and collecting the Co- ici nts of the ſeveral 1 
Ne elef 5 Peril be faßt er to 41810 fo many ſignificant | a | 
Figures (at a?) as there is de fig dt be places of Figures in the 0 
periphery, (or at moſt bus twe-more ) and ev ſurceeding ſupe- | I 
four power may be allow'd to decreaſs deus places of ſig i icant | 
is of thoſe Figures that are omitted with C bers, that ſo the A 
whole aud exatt number of, places may be truly adjuſted, other- | 
wiſe all the Work will be erroneous. (are | 


= — 

——— — 
——— = 
— — 


Nou the Number of thoſe ſupplying © 
e een . wit 


ich are ens 0 
Lee. fy 


« 


w | | 
oy = 1 
— 
3 OO — 
8 * 
) op ARAM "4 5 8 


F. igures true; 


Ake 


W Clmants of Gromerey: Far 


C 

Tr $430467214 — 3323601 % 2 MW 

* T bd zve5(2fle | Fer f 

And let e 4; then rejecting all the Powers of e, thy „ 


ariſe by Involution above eee, 
it will be 73 ＋ zrre + 3ree + eee an 
And rs ＋ 5e ＋icriee 4+ Iorere = a 
Then the firſt ſingle Value of r may be thus found: 
: 43046721) 1, 0000000 (,00000002 = y 
This ,00000002 = r being duly involv d, and its Powers nut 
tiply d into their reſpective Co- eſfictents, will produce | 
+ ,66093441I ＋ 43046721e | 3-0 
— 02658881 — 3988322e —199416(9)2e —332 ed = 
-+ 0024635 + 61587e + 6159(9)2e+ 3oB(18)eee 


viz. 834591964391 19986 — 19325700 — 3016(18)eee=t 
Hence 39119986e— 193257(9)ee — 3016018) 6e, 165400 

All the Terms of this laſt Zguatior being divided by 1932670 
the Co- efficient of er, it will ws become | vg 
00000020 24& =e& = I56(5eez==,0000000000000008558968-)) 


CN 


* 
Operation. C0 0:3. 4:2 4.5 
,0000002024) ,00000000000000085 58968 (,00000000458 

—e - 2000000004 3:4-,00C0000000000000009984 == 156({5)eee 


1 Di. OOoοοοts) ,000000000000060856893 2 (0600000043: 
2 Di, 000000198 · 7934 


6456 
22 
© bh. 5465 oy 
Furſt 0000000 3962 7 0 
＋ = ,00008000432 7 1-02 $37.4 
1 + e = 4000000024327 = 4. Or rather new 7 for a ſecond 
| . Operation. 

Now, if this firſt Value of a=,000000024327 were not cor 
tinued to more places of Figures by a ſecond Operation, bu or) 
multiply d into the Number of Chords, 

- Viz. ,000000024327 K 258280326 = 6,28318539 &. the 
Periphery of that Circle whoſe Diameter is 2, nearer _ 


* 


Chap. 6. Of the Circle's Periphery, &c. 353 


Archimedes, or Matius's Proportion: For Archimedes makes it 
6,285714 &c. viz. As 7 To 22. And Mcativs makes it 
6,28318584 &c. viz. As 113 To 355. | 

But if the whole Aquation before propos'd be now taken, 
and we proceed to a Second Operation, the Value of a may be 
pucreas'd with Twelve Places of Figures more, and thoſe may 
de obtain d by plain Divi ſion only. . 


Thus, let » ++ e Sa, as before, and let all the Powers of e 
de now Re ſected as inſignificant; 


r ＋erga ”9 + g9rfie—a9 
n Fr *=08ENan nies 
hen will 55 + 57 — 25 0 and 5755 134 — a3 


The ſeveral Powers of a ,000000024.327 bein Raisd, 
nd Multiply d into their reſpective Co-efficzerts, will produce 


eſe following Numbers. 


[2 
N 


7 + 1,047197581767 | + 430467210 R 
— . 047849196598394865 — 5900751 
+ ,000655906484595355 - 134810e | 
— ,yg00004281440413375 — 12321 
+ ,000000016302517863 + be \ . 
5 — ,000000000040631167 — oe | 
＋ ,000000000000071 388 + ce 
1 — ,000000000000000093 — _ oe] 


Piz. 1,000000026474745106 + 37279554. 21 | 
Hence 37279554 = — ,000000026474745106 = D 
Or rather — 37279554 , 106 =D 


111 | —_— = 
Conſequently, 3 37279554 

Operation. | | 
1 37279554) $00000026474745 106) (,15)710167967 = — e 
˙•ſs . —_ . 
4 37995739 
af 37279534 
62617660 £ 
the 27279994 
her ; | &c. 


*" _ , Laſt 


e 


8 — — — . 
354 Clements of Geometry. part If 
024327 r In #9 
— e ,o Hooooooooooo 1016796, | 
r — e =,000000024 320 999289832034 == a the Cho 
Side of the Po /e requird. eth | 
The next Work will be to examine how many Places of th 
Figures will hold true to the Circles Periphery © In order to th 
let a be repreſented by the Chord B 3B, in the new 
Sch me; and let Bx == xb. Then will x „ 
Bx = !a=(,7) 12163499644916 5165 h 4 
And © BC BY = On ann 
Let the Radius B GC = 1 as before, 
Then will the 4/ RK 0 Bx = Cx + 
ut Cx: & B:: 4: | 
8 Cx: 33 :: C 4: as Fer F 
go Dd = (,) 2432699928983 2035. 
che Side of the C d FER; 
Then will 2 X 258280326 be the 
Perimeter of the [nſcrib'd Polygon. Mn. 
And D X 258280326 wil be the Perimeter of the 0; 
cumſcribing Polygon. e tes 


That is, 6, 283 1853071795859 = the Perimeter of the Jnſcrib 
Polygon. „ 0 

And, 6, 283 1853071795865 = the Perimeter of the Ci 
ſerib'd Polygon. as ese 


Hence tis evident, that the Circles Peri phery, whoſe Dian 
ter is 2, may be concluded 6, 2831853971 795864 te, | 
cauſe the Pe4imeters of the [nſcril'd and Circaunſcribd Polyn 
are ſo far vey near being Co-zcidext, or the fame. 

Tis poſſible there may be ſome who will think this is tet 
ous and troubleſome Work; but if thoſe pleaſe to conlid 
that if this Periphery were to be found by the aforeſaid Math 
of Eiſection, it would require theſe following Extrazors. 


4 :2=4S:2+v:2+4/:2+y:2+y:2+1 

+4/:2+4/:2+V:i2+y/:i2+y:2-+4 :2+v 

Via +3242 \i2+4y32 „ 2＋ *¼2＋ 

＋ 7 2 TTA ii 
py d into 402809984. | 

Here the firſt Root ( viz. / 3 muſt be Extracted at leak 


cue hundred and two Places of Figures, The ſecond 0 


Laſt 7 = ,000 


0 2 


Chap. 6. Of the Circle's Periphery, &c. 355 
(viz. 2 + JJ 3) muſt have 99 Places of Figures in it. The 
third Root (viz. 2 + / 22 + 3) muſt have 96 Places in 
it. Ge every Extraction being allow'd to Derrenſe Three Places, 
that ſo the la Reot (., th? Chord Sought) may conſiſt of 
24 Places of Fig tres, As above. | 

I ay, whoever duly confiders the Trouble of theſe ſo often 
repeated Extratlions, will, I preſume, be pleas d with what I | 
have done. For truly when 1 conſider of the great Time and 
Care requir'd in them, I cannot but admire at the Patience of 
the Laborious Van Culen, who proceeded that Way until he had 
and the Circles Periphery to Thirty Six Places of Figures, to 
wit, 6,28318539717958647692528676655990576- 
Uh-ſe Numbers are ſaid to be engraven upon his Tomb-Stone in 
. Peter's Church iz Leyden, for a Memorial of ſo great a Work. | 
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Having thus obtain d the Circle's Periphery, its Area may ea- 

be found (to the ſame Number of Figures ) by Problem 5. 
That is, if Half the Peri phery of any Circle be Multiply d in- 

0 Half its eee the Product will be that Circle's Area, 

bs will appear arther on. Therefore 3,141 59265358979 | 
ill be the Aren of the Circle whoſe Didier is 2. : if: a 


Thus Ihave ſhew'd the young Geometer how to find the Cir- 
Peri phery and Area to what Exactneſs he pleaſes to ap- 
roach ; for preciſely true they cannot be Sound, notwithſtanding 
he lite Preten ſions of a certain French-man, who hath publith'd 
vthe World, (in the {or ks of the Learned) that after twenty 
re Years $1z4y he had found the Qzadrature of the Circle : But 
he had perus d rhe 83 Chapter of Dr. Iallis's A gabra, he might 
ere have ſeen his Error, viz. the Ii poſſibility of what he pre- 
ended to; for it is as impoſſible to ſquare the Circle ( tht ic, 
fd its true Area) as it is to find the Root of a Surd Number. 


Note, /I hat 1 have here propos d and done by the Triſection of 
n Arch, may as eaſily and much more ſpeedi'y te perform'd ty 
Wngueſection or S-ptiſetion, &c. But becauſe th? Scheme for 
nſection is more ſimple, and may be ea ſier underſtood by a Lear- 


/ than thoſe of the other Sections, (of which|ce my Compen- 
Fu" of Algebra, Peg 's 76 and. 79) I have for that Reaſon made 
My poice of Triſection, | 


As to the Proportion of one Circle to another, and of the 
"te to the Ellipſis, &c. thoſe thall be fully thew 4 when we 
me to the fifth Part. a 

Z. 1 Eetere 


— 


\ 
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Before 1 conclude this Part, I ſhall make ſome Uſe or Apyj; 
cation of che above-found Periphery, in finding the Quantity of 
Angles, which is done by the Help of Ri-þht-lines, calld Sy; 
and Iurgents, the Length whereof are Calculated to every res 

and Minute of a Quadrant, by much Labour. But I {hall her 

ſhew how to find the Natural $:48( and conſequently the Nania 

Tangent) of any propos d Arch or Angle, by Two Aquationg, 

without the Help of any precedent Sine, as uſual; which 1 did 

ſomeYears ago communicate to the Ingenious Mr. Zoſeph Ralph. 

ſon, and he fo well approv'd ef them as to make them the 
oth and 21 Problems in the Second Edition of his Ana, 
Ægquatium Univerſalis. | (AT 
And becauſe in finding the Quantity of Angles, every Circl 
is ſuppos'd to be Divided into 360 Equal Parts, called Deprees 
every Degree is Subdivided into 60 Parts, call'd Minutes; an 

every Minute into 60 Seconds, &c. (See Page 294.) 

Therefore 360) 6, 2831853 &c. (o, 174532925 &c. is an Arþ 

of the above- found Peri phery, Equal to the Arch of one Degre 

And 60) o, o 174532925 &c. (0,00029c8882 &c. = th 
Arch of one Minute. {1 55 3 a 

Then if the given Arch (or Angle) be Leſs than 45 Degrees 

Reduce it into Minutes, and Multiply thoſe Minutes into this 

conſtant Multiplicator, wiz. 0,0002908882 calling the Product p. 

And for the Sine ſought put a. Then it will be = 

aaa + 12paag — 1954 — 36ppaa + 240pa = 45fP 
Example. | wy 
Let it be requir d to find the Sine of 199 . 13 =1153+ 
Here 0,0002908882 X 1153 = 0,3353940946 = P- 
And — 4 + 4,249 — 199,049611a4 ＋ 80,494563" WM! 
== 5,06201 394. Sb 2 
„Lettres 


(rr 2re ＋ ee aa 
hen rr & zrre + 3ree a 
rrrr & qrrre + brret = aaaa | | 
Note, In this Caſe the firſt r may always be taken Egua to ii 
Firſt Figure in the Product p. Viz. here r —=0 Far ben 
Involv d as its Powers direct, and thoſe Powers A tiplj d in 
the Reſpective Co-efficients of the Æquation, it will le 


CT 241483 + 860,492 | 
2 17,9144 — 119,430 — ard 5506201394 


bo 


. _— 
J « — - ry . x * FIR 
. —_— = * 2 
r . _— OE w, Fs - , 
— =— 4 _—_ * . -- 0- 


a--——4 


= - _= 9 3 
e * a * * 9323 9 — 60 
K — : — 2 . 


＋ 0,1086.+ 1,08 + 2,62ee 
— *O0C8T — OLI? — 0,54% „ 
Viz. 6,3344 — 37970 — 195, 7e = 5,06201 


Hence 


II 


hap. 6. Of the Circle“ —— — 


Hence 27 ee + 195, yer 1,7239 
And o/, 3e Tee o oo == WI " 


| Operaticz, 5,193) 0,06 492 (O9 
+ e= 222 42 


1. Diviſor 527 2292 
2. Diviſor ,222 1998 
Firſty ß 90 
+ & = 0,029 


F =0,329 i for a Second Operation. 
Which being 1zvolv'd and Multiply'd, Se. as 'before, will 


nduce theſe Numbers. 


26,48271781 + 85,49458e 

2154532994 — — 139,97464e — 199,0496e2e * 
l 1, 30092 + 3, 724 e 
0,0 1171611 — , 142446 — 0,64942. 


K. 06899854 — 49,31558e — 195,72 2586 — 5,0620139 


Hence 49, 31558 + 195,26 — 0069846 which being 
ivided by 1 hd the Co-efficiert of ee will become 


„2519 ＋ ee = 0000356054 = =D 


D 
DE x ng — 
peration. O, 25196) 008356854 (09991475 e 
+e = eig 2420 © 
, Diviſor C, 2520 104854 
Diviſor O,25210 100840 
4014 
25219 
Laſt ry = 0,329 &c. 


e 0801415 


e 4253291415 being the Natural dire of 2 | 13 
V was requir'd, 


Thus you may find the R ight Sine of any Arch or r Angle ifs 
an 45 De grees. 


But 


ETD - - - - - l l — — 
ne a - 
6% a — ts 
. — " q — 4 3. 8 _ . 


CET 
= , : 1 2 2 * 
r r 


Fe 


n 


— — | — lp * vow ” © — 1 
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But if the given Areh be Greater than 45 Degrees, you mi 
take its Complement to goo. viz. ſubſtrabt it from 90 Drgre; 
and Reduce the Remainder into Minutes, As before. 

Then Multiply the Square of thoſe Minutes into this confi 
Multi plicator, 0,0002500084616 calling their Product p, an 
putting a = the Size ſought, As before. Then will 

 Þ+ 284? + 19508 + 36paa-+108j4 28a 156—Uu 
Example, Ni) 

Suppoſe it were requir'd to find the Sine of 750. 22'.COr whit 
is the ſame thing) to find the Co- ſine of 149 . 28'. = 868' whoſe 
. aa 753424 XK 0,9000009084616. = 0,96375172518 =| 

ence the Æguat ĩon in Numbers will be EY © 


__ aaaa =, 28a + 197, 29502 — 21, 114814 
= 190, 8361102588 | | 


Let Foo 208 Andy =1 
r — 278 ＋ ee = aa | | 1 

Then 2 rr» — 3rre + gzree aaa 
rrri — qyrre + Erree aaaa 


Note, 7 here tate » I becauſe the Arch is ſo near to 90 
and therefore Imakett r — e = a, 


+ 28,0000 — 84,90e + 8, ooee 
. I, oodo — 4, 0e  6,00ee 


Viz. 205, 1898 — 461, 48e ＋ 287, 29 = 190,830 
Hence 461,48e — 287 296 = 14,4% 
And 1,606e — ee =,049930 =D - 
1 
Theozem4 * 


+ 


— 21,1148 +21,11e - 7 
Then 51 197,956 — 394, 59e + 197,29ee N 190.8361 


Operation. 1,606) ,049930 (0,031 = e 
— e£ 0,031 471 


I. Diviſor 1,57 2830 Firſt y = 1,999 
2. Diviſor 1,575 1575 2e, 031 
&c. 1 e, 969 = 


For a Second Operation; which being Ivolv d as before, W 
produce theſe following Numbers, BT: 


29 


hap. 6. N the Tircle's 1 Periphery, — 359 


— 20,460254766 5 „ 12 
4185, 252368710 — 3 2,25783e + Weyer 28 
＋ 25 75889852.— 78,87 27 2 + 87,59 bee 
+ 0,881647759 = 325224 L. 5,6337ee 
Viz 5¹ 149651515 — 44 3,7551 + a 
—= 190 836110259 
Hence it will be 14375552 _ 284,2 8c 42 =0,31 3541256 
And 1,55963e — e See =. 


22 1 


peration. 1 15850 8551 bat 


— Ce = 0,90979 . 2 1091 23 ae © f 8 ; 5 n 
Diviſor . 15589 | 1 575557 ite 198.0 maT. 
Divifor 1,5588 8 8 ĩ ah 
5 3 135855 A e 0 
h n re 
— eg 0,0007268 N, -e 


e 4 = 0,9682932 the Szze of 75% 32 - As was requir d. 


Having found the Sine and & for of am web, the men 
ret found by Of ee tes . 

As the Co-fine of: any ſehr is to the Site of he Arche: 
1 ſo is the Radius e Wo the Target ofthe TY Arch. 


10212 


For ſuppoſing B C ==" 'B D Rains, 4 6 the Sine of the Arch 
D. Then BU is the Co- ſixe, and 7 | 

D the Tangent of the ſame Arch. 4s of 
4: C A:: BD: Fh tf ˙ w 


Now by this Proportion there is 

29177 to be given both the Size 

1 Co-fi f ne of the Arch, to - 
Uthe Tangent. gn | 
Tis true, if the Radius, and hy 
her the Sine or the C 0-fine be given, the other may be found 


u, HHC HC H= B A. Or YOBC—-ACA=CA. 


* if either the Sine or Co- ſine be given, the Taygert may 
{Þr:ſume ) be more Eaſily found by the following Theorems. 


Let 


350 Glemeno of Seqmetey Farm 
" TeBC=1. CA=S. BA=s, FDF 
if $ be given, -7 may be found by this _ - , _- 70 
„ eie SS e 
1 Kheozem y NT —— 
| 785 E Nie r = 2151 . of 
Or if x be given, T'may be found by this 
Ou 1c Bog” þ 10S Sg an 
Theozem4 v/ Tr 


I — * 


o 


Let the Sine of 19%. 13'. (before found) be given, vi! 
0,3291415 = . To find The Tangent of the ſame Arch. 
Firſt 0,3291415 X ,3291415 = 0,108334127 = SF, 
Again 1 — 0,108334127 = , 891665873 = 1'— SS, 

Then 0,891665873) 0,108334127 (9,1214963253 - 

And 4/0,1214963253'== 0,3485632 = I, the Tangent 
of 199 , 13', As was requir d. 

And fo you may. proceed to find I = the Tangent, vi 


x — the Co- ſine is given. 0 


Perhaps it may here be expected, that I ſhould have ſhen 
and Demonſtrated. (on at leaft bave inſerted) the Propurti 
froth whence the foregoing Zquatiazs for making Sine s were n 
duc'd ; but I have Omitted that, as alſo their Uſe in comput 
the Sides and Angles of plain Friangles by the Pen only, (i 
without the Halp of Tavles) for the SubjefF. of any Diſco 
hereafter, if Health and Time permit. 
© In the mean Fime, ' what is here done may ſuffice to {he 
that the making of Sine s by ſuch a Zaborions and Operoſe Wa 
as was formerly uſed, is in à great /{eafure overcome ; wi 


Tthink ; I may juftly claim as my own. . 
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| CHXF'S.'. 
Definitions of a Cone, and its Sections. 


HERE are ſeveral Definitions given of a cone: The Lear- 
ned Dr. Barrow, upon Euclid, hath it thus 
« A Cone (faith he) is a Figure made when one Side of 2 
Rectangled IJriangle, (viz. one of thoſe Sides that contain the 
Right-angle) remaining fix d, the Triangle is turn d round 
about, till it return to the place from whence it firſt mov d: 
And if the fix d Right-Linie be equal to the other which con- 
taineth the Right-angle then the Cone is a Rectangled Cone; 
but if it be leſs, tis an Obtuſe-angled Cone; if greater, an 
Acute-angled Cone. + The Axis of a Cone is that fix'd -Line 
above which the Triangle is mov'd : The Baſe of a Cone is 
the Circle, which is deſcrib'd by the Right-line mov d about. 
(Defir. 18, 19, 20. Euclid. 11.) 
Sr, onas Moor, in his Treatiſe of Conical Sections; (taken 
ut of the Works of Mydorgi us) defines it tus 
* If a Line of ſich à length as ſhall be needful, ſhall upon 2 
Point fd above the Plain of a Circle, ſo move about the 
Circle, until it return to the Point from whence the Motion 
begin, the Superficies that is made by ſuch a Line is call d a 
Conical Superficies ; and the ſolid Figure contain d within that 
Superficies and the Circle is call d a Cone. The Point remain- 
ung full is the Vertex of the Cone, ec. : 
WO — A 22 "ns 'Altho? 
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Altho both theſe Definitions are Coy true, and, with ali 
tle Conſideration, may be pretty eaſily underſtood, Fog ſhall he 


ſe one very different from either of them 
Ba plaid and intel fe, if a Leafrier. arter. 


If a bi u ſtüff P ebe ege be, „at nd 
ter) of what bigneſs you pleaſe, be cut into Two, Three, or may 
Sectors, either equal or ut$quifl, and Ge of thoſe Sectors be 
roll'd up, as that the Radius s may _ meet each other, it 
oy = a Conical Superficies. + i 

aeg if the Softly HEY be 1 
our of the Circle, and fo roll'd* 
— as that of the Radius Hand 
V G may juſt meer each other in al! 
their Parts, it will form 4 Coney and 
the Centre will "become a Solid” 
22 call d the VERTEX of - 
Cone; the Radius H bein : 
where Equal, will be the Side E. H 
the Cone, and the Arch FH G will 
become à Circle, whoſe * is % 
call'd the Cone Baſe. 


A Right-line being ſuppos'd to pal 
from 1 — to the centre 
Che e that Line 

w AXIS; or L 
le gbr of the G N : 
"Fa, Sol be ex mad in bag | 

Orm, it W a Or 1 
Cone; which 1 fall all-alon à Right 41:— 
Cone, becauſe its Axis VC 2 5 D x 
Angles with the Plain of its 
dies Sides ane every whe oc 


1 


Any Cone whoſe Axit is not at e 1 500% 
with the Plain of its Baſe, may bẽ : 
calfd an Inperfect Cone, becauſe its 0 E|Y 
not every where equal (as i the annbxed Fi- Ji 
Lud Now, ſuch an imperfe& Cone rout Pan * 
call'd a Scalene, W Coue. CUNT 

[a 


Any Solid Cone may: be cat by Plate (ubich 222 I 
bercafter call Ae into Five Sections. "7m" 
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"88. 1. 


If a Ri a0 \ be cut direct thro? its Axis, the Plain or Fu- 
erficie's of that Section will yy; a plain Iſaſceles Triangle, as HVG 
ig, 2, viz, the Sides (HV and / G the Cone will be = 
ides of the Triangle, S Diameter (HG) of the Cone's B 

jill be the Baſe o the Triangle, and Fe its Axis * Wl be 
* Height of the TRANS. 


2 — 


If a Right Cone be cut ( AF off by 2 Rig ht-line paral- 
to its Ba be (it 90 e eafie 1 conceive, that ) the Plain 
that Se67; jo will be a Checks ed the Cone's Baſe is ſuch : 
herein one thing ought to be clearly underſtood, which may be 
id 85 as a Lemma, to demonſtrate The Properties of the follow - 
g Sections. 
(IF any Two lines, inſcribd within a Circle, do 
4 xk 2 croſs Ae (as g doth & in the annexed 
gure) the Rectangle made of the Se —_ of one 
emma. 45 of the Lines will * Equal to the Rectangle made of 
I the Segments of the other Line. (See 7 IP 15. 
CPag? 315. | 


That is, - 4 K f tgp 
And HAXGA=BAX AB ' 


mſequently if ba=ab 

nd ik BA = AB 

Ihen it will be ha Xxga=Oba 
—— . . 


_ 

If a Right Cone be (any e cut of by 2 Rig bt Line that 
$ both its Sides, but not yas 7 to its Baſ 2, (as TS in the 
il E Figure) the Plain of that Section 255 an eh 76, 
9 7 calf d an Oval) viz. an oblong or imperfect Circle, which 
=> {cveral Diameters, and Two particular Centres. That is, 
ay Right Lire that divides an Ellipſis into Two Equal 
Ars is cal}? 8 a Diameter ; amongſt. which, the Jong ſt and the 
forte}? are particularly diſtinguiſh 0 from the reſt, as being of moſt 
Facral uſe; the other are = at, to particular Caſes. 
A223 2. The 


Rs © 4 


a . = — Y — 
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2. The Jorge Diameter (as T'S)1% 
call'd the Tranſverſe Diameter or Nan ſ- 
verſe Axis, being that Right-line which FR 
is drawn thro the middle of the Elli * 
fs, and doth ſhew or limit its lenghn. 

3. The ſhorteſ Diameter, call d te young 
Conjugate Diameter, is .2 Right- line 4 


that doth interſe& or croſs the Trarſ- 

verſe Diameter at Right-anzles, in the 

middle or common Centre of che. lip Fee, 
ſis, (as Nu) and doth limit the Ellipfs ff 
Breadth. RN 2 


5. All &zght-lines within the Elipſis that are parallel to one 
Nn — can be divided into pps equal N are call 
Onꝛdinates, with reſpect to that Diameter which divides them 
And if they are parallel to the Conjugate, vix. at \Right-arg! 
with the Tranſverſe Diameter, then they are call'd Ord.nates 
rightly applyd. And thoſe Two that paſs, through, the Focus 
are remarkable above the reſt, which, being equal and ſſtuate 
alike, are calld both by one Name, viz: Latus Reſtum 
or Right Parameter, by which all the other Ordinates are regil 
red aua valued; as will appear farther on. - | 


*— 


— 
” 


If any Cone be cut into Two SI a Right-line parallel t. 
one of its Sides, (as & A ix the following Scheme) the Plain d 
that Section (viz. SBA BS) is call d a Parabola. 

1. A Rigbt- Ine being drawn thro the middle of any Paralol 
(as SA). is call'd its Axis, or intercepted Diameter. | 

2. All Right-lines that interſe& or cut the Axis at Right 4! 
ges (as BB and bb are fupposd to cut or rroſs $ A) are 
Ordinates rightly apply d, (as in the Ellipfis) and the Rea 
Ordinate, as B B, which limits the /e»:gth of the Parabela's A 
(S.4 is uſually call d the Baſe of the Yaratola, 


* p : * 


Jo 


2. That Ordinate which paſſes tho 
he Focus, or burning Point of the Fa- 
cola, is call d the Latus Rectum, or 
tight Parameter, (as in the Ellipſts) - 
W-cauſe by it all the other Ordinates 
1 proportion d, and may be found. 
1. The Node, Focus, or burning 
Mint of the Parabola, is a Point in its 
us (but not aCentre, as in the Ellip - 
;)diftant from e. of * l 
de Section, (viz. from S) juſt 3 part f T — 38 
the Latus — as thall be ſhewn - OR VO @ 
ther on. * 1 | B 24 
. All Rig ht- lines drawn within a Parabola parallel to its Axis 
call d Dzameters ; and every Right- line that any of thoſe Dia- 
ers doth biſect or cut into T'ws equal Parts, is ſaid to be an 
rdinate to that Diameter which biſects it, ; | 


| 


L 


| „ect. 8. 


Ha Cone be any where cut by a Right. line, either parallel th 
þ Axis, (as S A, or ot herwiſe as x M ſo as the cutting Line be- 
g continued thro one Side of the T 

one (as at 8 or x ) will meet with the 3 
ther Side of the Cone, if it be conti- : 
ed or produc'd beyond the Vertex JV, : | 
at T; then the Plain of that Section 
nz, the Figure S BBV is call'd an 
pperbola. 


1. A Kighi. line being drawn thro 

de middle of any Hyperbola, viz. 
thin the Section, (as SA, or x N) 
cal d the Axis or intercepted Diame- 

r, (as in the Parabola) and that part 
tit which is continued or produced 
of the Section, until it meet with Ff. © 
de other Side of the Cone continued, . f. 
u. T's or Tæ, &c. is call d the Tranſ- b 

ſe Diameter, or Tranſverſe Axis of the Hyperbola. 


2, All Kight-lines that are drawn within an Hyperbola, at 
(got-angles to its Axis, are call'd Grdinates rightly apply'd; as. 
we Eliipfis and Parabele, 3. That 


— ms  Partiy) 
3. That Ordinate which paſſes thro the: Fucts of the Hyper 
bola is call'd Latus Rectum, or Right Parameter, for the ſume cc 
fon as in the other Sections 4 

. The middle Point of the Tranſverſe Diameter is cilſd i 
Centre.of the Hyperbola ; from As wy be drawn t200 i 
tines (out of thè Section) call'd- Afymptfotes, "becauſe they Jil 
always jncline (that ir, come wearer, and w#grey ) to bath Side 
of the Hyper hola, 8 never meet with (ox touch) them, y 
both they and the Sides of the Hyperkels were infinitely egg 
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E 


ded as will plainly appear in its proper ace. 

-- Theſe Five Sections, uiz. the r 
Gola, and Hyperbola, are all the Plains chat can poſlibly be pred 
ced from a Cone; but, of them, the Three Laſt are only cl. 
Conick Sections, both by the ancient and modern Geometers, 


bs | 4.7 i, Scholigm. ASE LEY 
HhHeeſides the "foregoing Definitions,.it may not be amiſs to al 
by way of Obſervation, how one Section may (or rather. dull 
change or degenerate into another. 
An Elli p ſis ting that Plain of any Section of the Cone vid 
is between the Circle and Parabola, twill be eaſie to conctin 
that there may be great variety of Ellipſes produc d from the ſam 
Cone: and when the Section comes to be exactly parallel to on 
Side of the Cone, then doth the Ellipfis change or degeyerat 
into a Parabola. Now a Paralola being that Section whoſe Plai 
is a/wavs exactly parallel to the Side of the Cone, cannot vary, 4 
the E ip ſis may; tor fo ſoon as ever it begins to move out d 
that oſitio e, (viz. from being parallel to the Cone s Side) it d 


generates either into an Eis. or into an Hyperbola: That! 
if the Section inclines towards the I lain A the Cone's Baſe, it | 
comes an Ellipſis; but if it incline towards the Cone's Vert 


it becomes an Hyperbola, which is the ain of any Section ty 
falls between the Parabola and the Triangle. And therefore ther 
may be as many Farieties of Hyperbola's produc'd from. one wi 
the ſame Cone, as there may be Ellipſen. 
Jo be brief, a Circle may change into an Fllipfs, the E 16 
into a Parabola, the Parabola into an Hyperbola, and the Hy"! 
Lola into a plain Iſoſceles Triangle: And the Centre of the Cin 
which is its Focus or burning Foint, doth, as it were, part ort 
vide it ſelf into two Focus's ſo ſoon as ever the Circle begins t 
degenerate into an llipſis; but when the Elli pſis changes it 
a Parabola, one end of it flies open, and one ol its Focus 1 


dap. 2. cmcerving the Elliplis. 367 
niſhes, and the remaining Focus goes rs with the Parabola 
when 1t degenerates into an 5, op And when the Hyperbola 
Wcocnerates into a plain Jſoſceles Triangle, this Foctes nay x 
ertical Point of the Triangle "viz. the Vertex of the Cors); 
at the Centre of the Cone s Baſe may be truly ſaid to paſs gra- 
Wally thro! all the Sectidns, until it arrives at the Vertex of the 


— 


one, ſtil} > rad re Latus Rectum along with it: For the Dia- 
lter of a Circle being that Right-lize which paſſes thro its C 
or Focus, and by which all other Right-lines drawn within the 
ircle are regulated and valued, may (I preſume) be properly 
all'd the Circle's Zatus Rectum: And altho it loſes the Name 
f Diameter when the Circle degenerares into an Ellipſit, yer it 
mins the Name of Latus Rectum, with its firſt Properties, in all 
de Sections, gradually ſhortening as che Focus carries it along 
vm one Section to another, until at laſt it and the Focus become 
yincident, and terminate in the Vertex of the Cone. 

I have been more particular and fuller in theſe Definitions than 

uſual in Books of this Subject, which 1 hope is no Fault, but 
ll prove of Uſe, eſpecialhj to a Lara: And altho they may 
perhaps ſeem a little ſtrange, and at firſt hard to be underſtood, yer 
hen they are well conſider d, and compar d with a Cone cut into 

ch Sections as have been ed, they will not only be found 
me, but will alſo help to form a true and clear Idra of each 
dection. Pe | Fon Ln Gn * 1 


* 
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Concerning the Chief Properties of an Ellipſig. 


Note, F the tranſverſe Diameter of an Ellipſis, as TS in the 
Plowing Figure, be interſected or divided into any two parts 
an Ordinate rightly apply d, as at the Points A, C, a, &c. Then 
we thoſe parts TA, TC, Ta, and S 4, S C, Sa, &c. uſually cal- 
ed Abſciſſa s, (which ſignifies Lines or Parts cut off) and by 
We Rectangle of any two Abſciſſa s is meant the Rectangle of 
ub two parts as, eing added together, will be equal to the 
lranverſe Diameter. 8 U 


CM T4 þ84=78. And Tæ AS IS. | 
| tFA+SAdATS, &c. 3 


Scl. 
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Sectio Ts: Lc | 


VERY Ell Hoſe i is Spretidn\t, and all ſuch Linen 
E. to it are . rh by the help of one general Tbeoren. 


As the Rectangle of any two Abſeiſla's : ix t the 


are of any Ordinate hich divides them :: 
auen Refang le M any other two Abſciſla's : J 


the Square of hf that Glare which nn 


That is, | 
TAX SA: OBA: Tax $a: E 
TAXSA: BA:: Ic „5e: UN + / 
Tenne; DNC::Ta x Se: Q’ 7 

&. . 


Wo 


Demonttration. 


Let the annex d Figure repteſent a Right Cons cut thro 0 
Sides by the Right-line TS; then | 
will the Plain of that Section be an 
Els fis, (by Sæct. 3.chap-1.) T S 
the Tranſverſe a ſe Diameter NN 
— b a b will be Ordiuntes rightly 
apply'd; as before. ü 
if the Lincs Pd and RX 
de parallel to the Cone's Baſe, they 
will be Diameters of Circles (by * 
Sect. 2, chap. I.) Then will A TO 
and Ta D be alike. Alſo A Sad 


and à S C & will be alike. a 
gb 10S 2: ad: Sec 
Aud 2 TC: CK: : Ta: © b Pre Theorem 13. Fi 
1 ee 8 0 
2 e#l4j\TaXCK=TC%X aD 
2'X 315 SOXCAXTaXCK=ad c Per Arie 
A/ v DNCY rex Lemma $022. 2 
An 2 a d= U 2 a * 
Then or CK C Hand aDN ad, take ONC and U 
5,6, 718 Sa TX NVC TC SC U Per Axiom) 


H T h CX SC: C. See page 19 
— TER a: La: : TCS: ON Eb 


— — — — — 
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Or, the Truth of theſe Proportions may be otherwiſe prov'd by 
Circle, without the help of the Cone; thus: 

Let any Ellipſis be circumſeriF d and inſcrib d with Circles, as 
1 the following Figure; then from auy Point in the circumſcrib'd 
ircle's Periphery, as at B, draw the Right-line B a, parallel to 
he ſ-mi=conugate Diameter NC, then will þ a be a Semi- ordinate 
g apply'd to the Tranſverſe Diameter TS ; as before. 


he Right- line Z A parallel to the Tranſverſe S; and draw the 


dug B C. ; 23 
en will a B C a and a CA be alike. 


Bc : Ba: : C: 4 


N berefore 1 


Again, From the Point Y (iz the Ellipſis Peri phery) draw 


per T 8 3. of 
| TOME ACE 

But 2 andb a =dc © 
Conſeq. 3 TC: BA:: NC: 5a 
Oe 4TC:VC:: BA: h 4 

41n A'S] 5} OTC:O NC: : Ba: ba 


[yTaxXSa=0 Ba 

But 6 5 Lem. ſect.2 chap. I | neee | 
Nee Ta Xx Sa: BA:: TC XI SCS UC: ONC, 

„i 
And fo for any other Abſci als, and their Semi-ordinate. 

Theſe Proportions being found to be the true and common Pro- 
perties of every Ellipſis, all that is farther requir'd in (or about) 
that Section may be eafily deduced from them. 


dect 2. To find the Latus Rectum, or Right Parameter 


1 of any Ellipfis. | 
There are ſeveral Ways of finding the Latus Rectum, but 1 


mink none ſo eafje, and thews it ſo plainly to be the Third prin- 


apal Line in the Elli pſis, as the foll wing 
As the Tranſverſe Diameter: is 7 Proportion to 


Theozem.} the Comugare : : ſo is the Conjugate : to the : 


| Latus Rectum. 
Viz. (iz the following Fig.) TS: Nn:: Na: LRthe Latus Rectum. 
Demonſtration. 
From the laſt Proportions take either of the Antecedents, and 
us Conſequent, viz, cicher TC SC: JNC, or Ta X Sa: Q ba, 
| "WY oY i 


41¹ 
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and make T'S the Third Term, to which find a Fourth Prop CE 


tional, and it will be = LX: 
Thus] 1|TCxSC: ONC::TS:LR N 
Bur| 2 T6i= $E: — 
And VC = Cx 
Therefore] 3] TC SC TS 
And] 4 ON ON T 
1, 0 DTS: 40 Nr:: TS. LR 


* 
8 
8 
* 


5 DOTSXLR UNA TS 


5 

© R 
7] OTSX LR UN XTS n 
8 


which gives the following Ana/ogy. 
TS: Nu :: Nu: LR 
TC Sc: ANC::TaxSa: Ua 
By common Properties. 
I, 10 [IIITS: LR: : Ta Xx Sa: Ua. 


From hence tis evident that LR, thus found, is that Ordinate 
by which the other Ordirates may be regulated and found. 
Therefore (according to its Definition Sect. 3, Chap. 1.) it 
the true Latus Rectum. Q. E. D. 
8 On ſectar x. | 
Hence it follows, that if the Tranſverſe and Conjugate Dir 
meters of any Ellip ſis are given ( either in Lines or Number 
the Latus Rectuni may be eaſily found; and then any Ordinate 


whoſe Diſtance from the Conjugate is given, may be found; A 
above. | 


Sec. 3. To find the Focus of any Ellipſis. 


The Focus is the Diſtance of the Latus Rectum from the Cor 
jugate or Middle of the Ellipſis, (vide Definition 4, page 356) 
and that Diſtance is always a Jean Proportional between 
Half-Sum and Half-Difference of the Tranſverſe and Conjugit 
Diameters, which gives this Theorem. 


* $ From the Square of half the Tranſverſe ſubſ1 


2 La 


the Square of Half the Conjugate, the ſquare Kut 
The dem. of R's * bond will te The Dre ron 
cus fromthe middle or common centre of the Elliyts 
That is, ſuppoſing the Points F and F to be the two Forth 
viz. FC F, and C = TS. NC —= iN. Then, 
TC+ NC: FC:: Fe: Te. Ergo OFC= TC ON 
Ccnf&quently, FC = UTC UNC. | wy 
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'Demonftration. 


rt, TSX LR = UN. By 8 Steps of the laſt Proceſs. 

1TS:LKR::TFXSF: NLF. Per common Properties 

TS: LR: 0 +CFXTC— CF: 10 = LF 
10LX TS — Sol 

* UCS - OCFXLR 

+LRXTS=OITC — OCF 


' TSXLR=4ONn=NCT 
6 INC 1 —CF' 


CF= 707 — NC 


WH 
Now from hence is deduced that Notable Propoſition, upon 
ich is grounded the uſual Method of deſcribing an Ellipfes, and 
lawing of Targ-nts, &c. 


from the two Focus's of any Ellipſis there be 
iti 752 two Right-lines, ſo as to meet each other 
-20pourton any point o the Ellipſfs? 8 Periphery, th? Sum 


L; thoſe Lines will be Equal to the Tranſverſe. 
iz fAXNF=TS.fL+LF=TS.Orf B XBF=TSs, &c, 


| Demonftration. 


| OOF x ONC= TC 
ity] 1 8th of the laſt. 
2 ONC—=qoNF 
by Theorem 11. 
ta = OTC 
11 by Axiom 5. 
4NF==TC 
Hence PNF =2TC =TS x | 
again 57'S: LR::TFX FS: NLF. By common Properties, 
onſeq.] Gz TS: + LR: IF FS: NLF 
But, 1 TC. And f LER — LF 
Eg 7TC: LF: : TCA CF x 10 — CF: ELF. 
| a 8TCX TE =: ATC GF 
But oOfF+ IF 42757 By Theorem 11. 
F oOLF=OFL for 20 F: = F 


x ATC XL FEAT. F 

*X11144 OTC 4+ OLF = FTE x LF: + nfL 

2= To: 41 NLF: LFS NJ 

B b b 2 13 w 2 


> { — Conick Sections Part fx 
13 wn 2 14270 LF =I 3 * 
14 EF|15'2TC=fL + LF. But2TC TTS 
rn LF TN QED, 


And this Propo fition. muſt needs hald true to every Point ig 
the Eulipfis Periphery, viz. at B, &c. as will evidently appen 
to any one who rightly conſiders, That * - 

As a Thread juit the length of the Diameter of any Circle hu 
ving its two F»ds ry d together, and then.mov'd about a Point in 
the Centre, (viz. Iy makivg it a double Radius) will, by drawing 
another Point in its Extremity, deſcribe the Periphery of a cu 
cle, [ vid? Definition pag? 280] even ſo, 

If a Thread juſt the ſength of the Tra»ſverſe Diameter [T3 
having irs {wo Euds fo fix d upon the two Focus's (F and F). 
that it may be mov'd about them, by drawing a Point in its Fy 
tremity (viz. at its full Stretch) it will deſcribe the true Pen 
phery of an Ellip ſis. 

Now, altho' this eaſie way of deſcribing, or, as uſually phrad 
drawing an E llipfis, be mechanical, and known even to me 
Joyrers, Carpenters, &c. yet it gives as compleat and clear a 
1dea of that Figure as any other way whatſoever; and by deſcn 
bing it thus about its two Focus s, as a Circle is about its Centre 
doth plainly thew thoſe two Points are not improperly call'd part 
cular Centres in Definition 4, Set. 3, chap. 1. for each of the 
bears much the ſame reſpect to the Ellipſis Periphery, as the di 
cle's Centre doth to irs Periphery. 


1 — 


2 * 


| Sect. 4. To deſcribe or delineate an Ellipſis ſeveral Ways, 


There are ſeveral (other) ways of deſcribing an Ellipſis, du 
Geometrically and Numerically, according to peculiar Occalio 
but I ſhall only mention two or three of them, leaving the ret 
the Learner's Genius. Now, in order to that Work, it will 
convenient to conſider what Lines are requiſite to limit or bon 
its Form, which I take to be chiefly theſe following. 


1. If the Tranſverſe and Conjvgare are given, the Ellipfs 
perfectly limited; (vide Conſe&tary page 363.) for if 78 1 
N 1 be ſet at Aight-angles in their midule at C, and TC or oP) N 
fer off from N, or , buch Ways vpon the Tranſverſe tof and 
(viz. make fNz=TC — F) then will thoſe Points f aid 
be the two Focus's, (by 4th Step of the laſt Proceſs) and 
the Elli ꝑſis may be deſcrib d as above, * 


12 


2 | 


— 
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2. If the Tranſverſe Diameter and Latus Rectum are given, 
he Ellipſis is truly limited, becauſe by them the Conjugate may 
8 Pund; by Sect. 2. | 3 | . 

2. Or if only the Tranſverſ?, and the Proportion i hath either 
> the Conjugate or Tatus Rectum, be given, the Ellipfts is 
hereby limited. As for inftance ; ſuppoſe the given Ratio be- 
ween the Tranſverſe and Conjugate to be, As a: to d: | 


/ i if die” 
iz. a: d:: TS: Nx, then « = Nn, &c. 


4. If either the Tranſverſe or Conjugate, and the Diſtance of 
he Focus from the Conjugate be given, the Ellipfis is limited, 
cauſe by them the Conjugate or Tranſverſe may be found. 


Theſe being premis'd, and the precedent Work a little conſi- 
er d, it muſt be eaſie ro deſcribe or delineate, any Elli pſis in 


laro, either Geometrically or Numerically. | 


1. To deſcribe an Ellipſis Numerically, by Points, 
Suppoſe the Tranſv»rſe Diameter TS = 20, and the Conjugate 


= 12, (either Inches, or an {hrs 
ber Equal 2art; 1 and Ter them __ NEA 
s eich other at Kigt- ar gles in "op 8 
cir Middles, as in the vant C. 422745 F91 

en will TC CSS is. 8 7575755 


d NC = e 


Ind it will 20: 12: : 12:7, 2 r > © ” = tfiORNERs 
= the Latus Rectum. | 


Again 20:7, 2 Or rather take their Ratio 
I :0,36;: 10 + 1 X 19 — 1: Ua. . 
Ti : 0,30 2: 10 — 2 K 15 — 2: UE. 2. 
1: o, 36: 1 + ,% 10 — 2: d. 3. &e. 
Jo- 1, 36 U, 1. Hence 9 0336 F, oy Kc. 4. l 
K. 51538586 N N V 96x 03. 25,88 c. b.2 
100 9X2,30=[4.3 A/91xc,30=5,72 &c. d. 3 


If fo many Semi-ordinats's as may be thought convenient th2 
bore the better ). be Found in this manner, and every one of them 
e ſer off at Rgbt-ang '28 from its reſpective Point in the Ty anſ- 
rſe Diameter each way, 'tiz. from 1 to a, from 2 to h, from 
to d, &. Then if a Curve Line be carefully drawn with an 
den Hand thro' thoſe Extream Points a, , J, &c. it will be the 
Upfts Periphery requir'd. N 14 947: | 

| | 2. To 
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Conitk Sections Pant}, 
2. To deſcribe an Ellipſis Geometrically ly Points, 


Having the Tranſverſe and Conjugate Diameters given, 220 
and Wa. ca at Right-angles in their Middles, As Vet 
Then from either End of the Conjugate, viz. M (or ») fe 
half the Tranſverſe Diameter to - . 
That is, make N x = TC, (cor: - 3 9 | 
T:zuing the Conjugate Nx when 1 * 
ia ſhorter than TC) Or, which 
is all one, make Cx C-. 
Then take any Point in the Line 
Cx at pleaſure: Suppoſe it at G; 
and from that Point at G ſet o OT 
the Diſtance C x to the Tranſverſe | 
(as at E) viz. make GE —Cx, and joyn the Points G Emil 
a Righe- line, produced fo far beyond E as to make EB = NC 
Conlequently G B = TC. 

Then, I fay, where-ever the Point & was taken between Can 
the Point B will juſt touch (or fall in) the Eilipſis's Periphen 


2 


Demonſtration. 
Draw the Right-line BA Perpendicular to TS, viz. IB 
be a. Semi- ordinate rightly apply d to the Tranſverſe Dianet 
TS; Then a GCE and A B AE will be alike. 


ICE: A E:: EG: EB. By Theorem 13. 

C R+AE: AE: : EGÆ EB: EB. See pin 

CE TAE CA. EG «x EB==TC. And EB="\ 
enn. | 
ACA: DAE:: ATC: UNC 


JOE8—OAB=O4E 
— FG = NC -A 
oIC4x&ONC=DONCxAOTC:—DOABxD0! 
g ce „De: CAN DA NννœÜ 
107 Analogyn|O TC: ONC:: UTC CA: A 
That is, fe KS: M:: TC CAT“ CA: U 


Which is according to the common Properties of the Elf 
Therefore the Point B is truly found. Q. E. * 
en 


bl 


aA. 
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Hence it follows, that if a convenient number of ſuch Lines 
E be fo drawn (as above directed) from the like number 
Points taken between C and x, &c. their Extream Points 
at B) will be thoſe Points by which ( with az ever Hand) 
he E/lif is may be truly deſcrib'd ; as before. | 
But, it this be well underſtood, twill be very eaſie to conceivs 
ow to deſcribe an Ellipſii very readily, without drawing thoſe 
ines, by having a thin, ſtrright, narrow Ruler juſt the length 
fT C, made ſomewhat ſharp at both Ends, upon which, from 
e of its Ends, ſet off the length of VC. Then, if the Foint 
on the Ruler which repreſents E be gradually or eaſily moved 
"ng the Tranſverſe T S, and at the ſame time the Point or End 
rreſenting & be kept ſliding cloſe woos hav Conjugate Nn, tis 
ent from the Work above, that the of the Ruler repre- 
ing B will, by that motion, aſſign the true Periphery of the 
lipfs requir d; for by that motion the ſtreight Edge of the 
er doth ſupply an infinite number of the aforeſaid Lines; as 
appear very plain and eaſie in Practice. 


Scholium. 


Now, from hence was deduc'd 5 Invention of that well- 
ivd Iuſtrume nt for drawing an Elli pſis by one Motion, com- 
buly call d the Elliptical compaſſes, being uſually made cf Braſs, 
compos'd of Three parts, Two of which repreſent (or rather 
ply) the Tranſverſe and Conjugate Niameters ſet together at 
t Angles; and the Third part is a Moveable Ruler, which 
forms the Office of the laſt-mention'd tþiz Ruler. But becauſe 
making of it is ſo well known to moſt Mathematical Inftru- 
nt-makers, Eſpecially to that Accurate and Ingenious Artiſt 
JOHN ROWLEY, Mathematical Inſftrument-makey, un- 
St, Dunſtan's Church iu Fleet- ſtreet, London; who for bis 
at Skill ig contriving, framing, and graduating all kind of 
the mat ia Inſtruments, may, I believe, be juſtly call d One 
the beft Workmen of his Trade in Europe. I think it need- 
therefore to give a particular Deſcription of that Inſtrument. 


LL 


uo from hence came that Ingenious Invention of makin 
$"2es for Turning all forts of Elliptical or Oval Work, ag Oy 
es, Ficure-F rames, Oc. | | 


& * 
* 
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376 Conick Sections Patty 
Sect. 5. Any Ellipfis being given, To find its Tranſbeiſe 
* and Conjugate Diameters. 

Suppoſe the given 1727 to be TNS (in the amy 
Scheme) in which let it be requir d to find the Tranſverſe Dix 
meter S and its Conjugate Mn. Draw within the Ellipfizay 
Two Right Lines parallel to each | | 
other, as Hh and 1m, and bi ſect H N 
thoſe Lines, viz. find the Middle 10 
Point of each, as at X and P; DF... 
Then thro' thoſe Points A and P . 
draw a Right-line, as D A, and it * 
will be a Diameter; for it will di- 
vide the Ellipſis into two equal 
Parts, [ See Defin. 1, $48" 357.3 3 
Conſequently the Middle of BA will be the true Middle or ow 
mon Centre of the Ellipſis, as at C. 

For tis the Nature or Property of all Diameters, hovſſet 
they are drawn in any Ellipſis, (as tis in a Circle) to cut a 
one another in the common Centre or Middle of the Figure; 
at C. 3 by 

Upon the Point C deſcribe an Arch of any Circle that willa 
the Ellipſis Periphery in Two Points, as ar B and b; then jo 
thoſe Points B with a Right Line, and it will be an Ordindi 

h whoſe Middle (as at a) and the common Centre C,t 
Tranſverſe Diameter I S muſt paſs. 
For BSS b, and B a is at Right-angles with TS; therefi 
the Line B is an Ordinate rightly apply d to 7 S the Trage 
Diameter. And if thro the Point & there be drawn the Rig 
line N ty parallel to B &, it will become the Conjugate ; As 


a. 


mn N 


* 
| : * A had 6 * 
s 4 9 . . , N 
bs a OY ** 4 1 _ 
| \ 


SeU. 6. To draw a Tangent, or Right Line, that maj il 

the Ellipfis Periphery in any A(ſign'd Point. 

The Drawing of Targezts to or from an 1 Point int 
Ellipſis Fer bete, 1 of Three Caſes) Ss 1725 

| 4 * If it be requir d to draw a Tangent that may il 

the Ellipſis in either of the Extream Points ot irs Tranſverſe 

meter, as at T or S, it is plain the Tangent muſt be 0 

el to the Conjugate Diameter N, as H I in the fol 

ing Figure is ſuppos d to be. 


be 
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' Caſe 2. Or if the Jungent muſt be Drnwm to touch theEllipfis 
in either of the Extream Points of its Conjugate Diameter, as at 
or 7, tis as evident that it, muſt be Draws parallel to the 
Tranſverſe Diameter T S, as KRM. Conſequently, if that 
ſungent, and the Nanſverſe were | 5 Fu 
oth [nfinitely continu d, they po > * 
yould never me oe. ö WOT 
= Caſe - But if it be requird .;/ DEMISE 00 209. ene 
ef 
wch the Ellipſis in any other | © Sag 
$703 © EEO Jacrnns: M 
Then if the Tangent and te 5 
zanſverſe Diameter be both continu d, they will Meet in ſome 
hint, as at P; and thoſe Two Points (viz. Band P) do fo 
utually depend upon each other; that one of them muſt be 
d in order to find the other, chat ſo the Iungent may by 
nem be truly Drawn. » ieee | 1:51 0 
LaD=TS.y=AS: And z = A. Then if ꝓ be 
cen, = may be found by this Theorem SD %h 
Or if z be given, Chg bs found by this Theorem : 
_ Theozem, 4 1 S / 122 Ez =» | 


35 


- 7 «7 


— 


Demonttkrat ion. e 
Draw the Semi- ordinate 5 a, as in the Figure; then will 
BAP and A5 2 P be alike. Put x Aa the Diſtance 
tween the Two Semi- ordinates (viz. between B A and b a) 


hich we ſuppoſe Infinitely ſmall. 

z:z— x::BA:ba, By Theorem 13 
D—y X39: D-y+xXy—x:: MBA: 22 
Dy —y: Dy—yy-+ 21 Dx— xx: : UBA: U 
x Z: æ x — 22X +xX:: BA: EA 

x o That ſo » may be every where rejected 
Dy—y:Dy - - 2 D:: N 4:04 
ZZ; Z2 — 22 :: ¶ BA: Qba 

Dy — 9: Dy Y r —D:: xxx 22. 
2yzz'— Dzz = 2yyz — 2Dyz 

| Jz — zD2=) = Dy 

— 11 2D _ JZ = 7 —-yy 


Sen oe 0 


C cc 11 — 
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11 f * 35 gies he fol rg nat ul 
10 — N 2 — Dy ys z= 1 De N 
108 eee bete 
15 w 216) —- 1 D- ly = e 

i 2 ＋ = 55 is the 
That is, 17 }J=3 DI 35 + ZZ —— GED 


The Geometrical — of theſe two Theorems ise 
Eaſy, as by the following Fi Cure. 


1. Suppoſe the Point B in the Elli Periphery were gi 
and it were requir d to find the Post . | 

Make TC Kadius, and upon the common Center c der 
the Scmi circle Ld S, and iq our the Points C and d with a K% 
Line ; then Biſect that Line, (by Prob. 2. Pag. 287) an 
mark the Point where the Biſecting Line would Croſs the Tf 
verſe, as at || e. Upon that Poi at || e, with the Is Ce(owld 
Deſcribe another Sem? -civcle, producing the Pranſverſe Dauer 
to its Periphery, and it will Me the Point P. 


For if DS TS. y = AS. A — 


Then II D—yXy=DO4A4 
And] 2 578 024 A, h 
Tas 3 4: 7 : 44; 42 7 vB 
4404: A: 24 A: 2 D 
But — 9 5 b 
x — 52 2 
7205 Te \ HH 


| Therefore the Poixt P is truly 

found. Conſequently, if a K; igbt Line be drawn 3 thok 
Points Band E, it will be he * * d, according i 
the Firſt Theorem. | 


2. The Converſe of this is as Eaſy, to wit, if the Point 
8 given, thence to find the Point B in the Ell pſis Peripol 
Thus, Circumſeri be half the Ellipfis with the Semi- cirele Tai 
As before; and Biſect the Vi ante between the Poirrts C and! 
as at || e, viz. Let Ce e P. Then making Ce Radius, U 
cn the Poirt \| c || deſerile the Semi-circle C4 P ; and from ® 
Point where the Two Semi-circles interſe& or croſs each oth 
as at || , draw the Right Line dA perpendicular to the ai wi) 


” =” T—Ä—h( ů Vn. — = —— 2 _— 
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78, and it willl Ag the Point of contact B in the apf 5 
periphery through which the Tinge»t muſt paſs, 

But a Practical Method of drawing — or to any effigy 
Point in the EllipftsPerip om findingthe aforeſaid 
point F) be Fa the following Property * Tax- 
en. Drawn to a Circle, which is this. \ 


If to any Radius of a Circle, as C B, | 

| here be drawn a Tangent Line (as HK) = 
o uch the Radius at the Point B, 
the Two Angles which the Tangent 
makes with the Radius, will always be 
wo Right Angles (16, 17, 18, 19 
Euclid 3 2 
That is, CHBC=LOBK= 908. P'S 


In like Manner the, Tivo Angles Ne 8 te Jun Jungen 
nd the Two Lines drawn from yr Focus's of any Ellipfs« ti the 
Poirt of Contact, will always be Equal, but not Right. Argles, 
ave only at the Two Ends of the Tranſverſe Diameter. 

Theſe being well conſider d, and compar'd with what hath 
been {aid in e. 66, it muſt needs be Eaſy to underſtand the 
following Way of drawing Tangerts to any Afign d Point - in 
be Elli pfis Periphery; which is thus: 

Having by the "he Trarfeerſa and Congugate Diameters found the 
Fee Panel Fand F, by Sect. 2 Gant them draw Two ae 
e 


Lines to meet each other in 
ere Point of arge an „ ba 
> (or f B and BBY in the Art * = 
wid Figure. Next ſet Off (vi. 
make ) d h F, (or BV=B F)_ * 
and oy the Points Fd (or F DJ) Th 
with a Right Line 
Then, I fay, if a Right Lias be 
aun through the Point of Contact H 
f deere 4 F, „er (DF) | 
it will the Targert requir'd. 


C 
J< 


at, it is plain, that as the  FNAH=LFNK whin the 
17 is parallel to the Tranſverſe Diameter, even ſo is the 
%%% F (and fBH=LFBK) and will be 
Noery where ſo, as the Point of Contact b (or B) and its Tun- 


pt is carry d about the Ellipfis Peri with che Loves: fb F 
7/575 Nis Periphery 


Cee. a 8 f CHAP. 
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AT e 
4 * Chief Properties of every Warabola, © 
TOte, rn every Parabola, the intercepted Diameter, or that 
| Part of its Axit which is between theVertes ard thit 
pre og "which limits * yy As 8 r 8 _y m 15 cal 
Abſci } 
Sec. 15 The Plain or Fig e of every Pargbola, i 75  propertini] 
ty its Ordinates and Abſciſſa 9 As in the following Theortn, 
As any one Abſciſſa: is to the Square of its dani. 
Theoꝛem. 3 ordinate :: ſq is. any ot her Abſciſſa: to the * 
of its Semi- ordinaftfe. 
That is, if we ſuppoſe the annex'd RSS, - 
Figure to be a Parabola, wherein Sa, ang 
S A, are Abſciſſa's, and þ ab, BAB, 
Ordinates Kightly apply'd, it Will SP: 


be da: Ua :: SA: 22 277 7 25 


the Points 'a, { N 
Or Sa: SA:: O ba: OBA 432 are dier A 


And fo for any other Abci ſa, &c. 


Demonſtration. WES "ia: 

Let the! e following Figure HV 9 * a Right Go ent 
into Tavo Parts by the Kr ght Line S A, parallel to its Side J H 
Then the Plain of that Section; viz. B S8 B will be 2 Pate 
Bola, by Seb. 4. Page 358, wherein let us ſuppoſe S A to bein 
Axis, and a, BA Bro veOrdinates ein App d to that 
Axis. 

Again, Imagine the Cone to be cut by the Right Line hy 
parallel to its Baſe HG. Fhen will h g be the Diameter aft 
Circle, by Sect. 2. Page 387. And A Sag like t to A SAG 
Therefore 4 ft 1656, Ar AG) 

By Theorem 1. 
I Wy Sax AG—SA SY * 
2 Sax AGxha - SAxogxha 
2X 5.48 Uby Axiom "Se . AIG | 

f A = ha becauſe 
But G Tis parallel to VH 18 N 
LEFTY OEfA=AGxHA ByL „* 
Aud. 45 DO ba = og x ha” 2 0 

1 SA%D 8A = SAX ba. 
3 45 * By Axiom TN * —_— 

ra: Dy a: S4: E N 
6, ; Analogy, ul 4 Vide Page 1 
Ce 194. 
— — E. db. 


— — 
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—Theſe Proportions being prov'd to be the Common Property of 
rery Parabola, all that is farther oy te about that Section, 
r Figure, may from thence eaſily be deduc d. 4 


dect. 2. To find the Latus Rectum, or Righ: Parameter 


of any Parabola. 

The Latus Rectum of a Parabola hath the ſame Ratio or Pro- 
tio to any Abſiſſa, and its Semi-ordinate, 'as the Latus Re- 
um of any Ellipſis hath toits Traxſverſe and Conjug ateDiameters, 
d may be found by this Theorem. 


As any Ab 75 a: is1n Proportion to itsSemi-ordinate 
Lhev2 em 22 ſors ap erdinete to the Latus Rectum. 


25 | Let L = the Latus Rectum. 

Thentt1S 4:5 a:: 5 a: LY Sf where-ever the Points a and 
1 

1 * 


28 A:BA:: BA:L A, are taken in the Axis. 
e. Or SAX LU 


> Ie =L Or S Ax LNA 

3= 456 — — 8 Per Ax/em 5. 

5x SANT OB A= SAX0-%2 Which gives this 

nalogy'61Sa: 1 ha::8A:0 BA. The ſame as at the th 

tp of the laſt Proceſs ; therefore L (thus ound) is the true 
tus Rectum, by which all the Ordinates may be Regulated and 

und, according to its Definition in Section 4. Page 358. 

For by the Third Step Sa XLS IE a, And by the 

Step SAY L= UBA. Conſequently J SaXL=ba 

dVSAX LS BA and for any other Ordinate. 


„ 


Or if the Ordi nates are given, to find their Abciſſa s; then 
wil be, L: h a:: % 4: Sa. And L: B A:: BA: S A, &. 


nſeuenty Lp t— Sa. | And OE: = 8A, &c. 


From the Conſideration of theſe Proportions, it will be eaſy 
conceive how to find the Latus Rectum Geemetrically, thus: 


FJoyn 


: * 
7 PR « © ” . * . " * * yy wo rr ir.” * 89 * — „ 0 
Conien Setttons. 


Fan F 2 


Jay the Vertical Point & of the Axis, and either Exp; 

Point of any Ordinate, as B, for Þ with a er Lie, na 
SB (er Sb) and Biſe& that Line, (by 7 
Problem 2. Page 287.) m ny + Yoo CO + = . 
Port where the Vea Line doth: Il. Ni, MM 


terſect or croſs the Axis, as at E, ( / 
and with the Radl5:Ä $ E ( or ge) upon * 
the Point E, (or e) Deſcribe 4 Circles; 
{as in the Annex d Figure) then will the 
Diſtance between the Ordinate and that 
Point where the Circle s Peri wy cuts 
the Axis, viz. AR (roar) the tus 
tus Rectum requird. by, 0 f 
or SA: BA: ' Ba: AR. And $a: ba: : ba: ar. By They. 
Therefore 4 R = = £ And ar = £ dy che A and 24 Step 


Go ex 
From theſe Proportions fey the Sas Reflum, it n 
be eaſy to deduce and Demonſtrate this following 7 Gs 
F the 2 7 7 *I the 1 dum A1. 
Theozemy Semi- ordinates :: ſo is the Difference of thoſe In 
Semi-ordinates : to the Di . of thei Abſciſſu 
Suppoſe any Right Line Drawn within the Parabola, 351) 
arallel to its Azis S A; then will that Line (viz. fro 
iame ter (by Def - 5. Pag. 339) which will make ED = 

22 — 4 B- 4b, and DS S4 - $ A. Tia alt 
L. E O: DB +82, according $9.98 ee Tu 
 Demonfiration, 
2 - 4 


842 e 


ot the laſt Proceſs. 


na” pow | 


e NheD Ja Xx ELT Fa the 110 
9 265 FN L-BATFbaxBA—7a Analog) 


cle 7IL: BAN la: 8 Sa 


Tit 


| 


This peenliar Propert "nf the Parabola_ was firſt publiſh > 
no 1684, by 0722 Hr. Thomas Baker, Kebor of Bithop Nymp- 
of n Devonthize, in a Treatiſe intituled, The Geometrical Key: 
r, The Gate of Equations unlock d; wherein he hath ſhew'd, 
he Geometrical Conftrubtion and Solution of all Cubick and Bi. 
adranticd Adfeted & guati ons by one general Method, which 
ie calls u Central Rule, Deduc d. from this Peculiar Property of 
. e 2 


Sec. 3. To find the Iucus of any Parabols. 
hich thr Latus Rectum doth paſs, (ste Definition 3. Seft. g. 
ge 359. ) Therefore its Diſtance from the Vertex of the Para- 
| caay be eaſily found, either by the Latus ReSran it ſelf, os 
an other O dingte, and its A ciIM. e e 4.0 
Thus, ſuppoſe the Point at F to be the Facus, E the Ver- 
be, the Ordmate RFR = che N M Yo: 

Mus Kecum, | and þ a þ any other 


dinate. E wit Mar Lat dt A Za Cf L's | 
Then will SF = L. Or SF 4% 1 
ti ay ar in AE er Ry of, S 
+. Demonſtratim, 
1,SFXE=(I1 FR. By Seck. 2. Pagd 375. 
2|FR =L;: For the OrdinateRF& L as above 
3 DER L= IiL XM 
= 34 F+L.=3{fIL 
3 
6 


— th 


% 


Firſt 


SES As by Definition 4. $26. FR Page 35% 


£5 =L by the Third Step in Page 355. 


7 n= L. &c. As above. Q. E. D. 
3 Jſſʃ§—9.—ẽ . 
beck. 4. To Deſcribe, or Draw a Parabola ſeveral Ways. 
Note, There are Two or Three Ways of Drawing a Parabola 
firumentally at one Motion; but becauſe thoſe In ſtruments 
Machines are not only too perplex d for a Learner to manage, 
Pet alſo a little ſubge6# to Error, I have therefore choſen to 
ew how that Figure =o tr ( the beſt) Draum ly a convenient 
umher of Points, via. Ordinates found, either Numerically or 
eometrically, according to the Data; which, if the Work of 
be Three 14 Sections be well con ſider d. muſt nerds be very Eaſy. 


1. If 


„ 


384 Conick Sections,” © 


x. If any Ordinate and its Abſciſſa ate given, there nyt 
them be found as many Ordinates as you pleaſe to aſſign or tu 
Points in the Parabola's Axis, (by See. 1. Page 374) andthe 
Curve of the Par abola may be drawn by the Extream Points of 
thoſe Ordinates, as the Ellipſis was Page 3617. 

2. If the Latus Rectum, and either any Ordinate, or its Adſeiſh 
are given, then any aſſign d Number of Ordinates may by then 
be found, (by Sect. 2. Page 37 ö.) either Numerically or Genm. 


— Sec. 1 we 2 1 
3. If only the Diſtance of the Focus from the Vertex of th 
Parabola be given, any afſignd Number of Ordinates may be 
found by it. For 8 F'= L the Latus Rectum, and © L= FI 
as in the Laſt Sedtion; and it will be, as 8 F: is to FR 
fo is any other Abſciſſa viz. (Sa, or SA, &c.) : to the $quos 
of its Semiordinate, (viz. U] ba, or BA) according to thy 
common Property of the Parabole. | 20, 9675-4. . ut] 
Altho any of theſe Ways of finding the Ordinates ate ah 
enough, yet that Way which may be deduc'd from the I 
lowing Pro po ſition will be found much more Eaſy, and ready i 


Practice. 0 
| * The Sum of any Abſci ſſa and focal Diſtance fn 
P20 ſition, the Vertex, will be Equal to the Diſtance fro 
200 the Focus to the Extream Point of the Ordinate 
which cuts off that Abſciſſas © © 
For Inſtance, ſuppoſe S to be the Vertex of 
any Parabola, the Point F to be its Focus, Ts. 
and A B any Semi-ordinate Rigbtly Applydto | 
its Axis SA. Then 1 fay, where-ever the + X 
Point A is taken in the Axis, it will be g 
SA+SF= FB. Conſequently, if Sf — SF, 676 
it will bef4= FB. IR 


* 
. 
SR 
* 


„. 38. 3 
rſt} 18 P AL by era. 3. 5 
Ego 2A = 4% L by Conſtrudtion above. 
IO0f4=DOFA+FfFAXL:i6L 
Agai 1154 = FA + L che Suppoſitior and Figur. 
4 I 5SAXL=FAXL: TILL But Sax L=04 
FAN: EH F 
FAB #4. Conſe. Of 4 =QFA4+0d 
8I0F4 + OD AB=OQEB. By Theorem 11. 
Ergo] fa == FB 4 
9 w 21h0fA —EB 2. E. D. 


o 


hap. 3. converniua the Patabola. 385 
Ibis Propoſition deing well underſtood, twill be very eaſily ap- 
yd to Practice, ſuppoling the Foral Diſtante given, or any other 
Data by which it _— ound. Are; a 
Thus draw any Kight-lize to repreſent the Parabola's Axis, 
d from its Vertical Point, as at 8, ſet Off the Focal Piſtance 
oth upwards and downwards, viz. make $ =S F, the Diſtance 
f the given Focus from the Vertex; as in the Scheme: Then by 
he Propoſition 'tis evident, that if neyer ſo mam Lines be drawn 
ydinately at Rglit- angles to e the true Diſtance between 
e Point F out of the Parabola, and any of thoſe Lines (or Grdi- 
1s) being meaſur d or ſet off from the Focus F to the ſame 
ine or Ordinate, twill aſſign the true Point in that Line through 
hich the Curve muſt paſs; that is, it will ſhew the true Limi 
Length of that Ordinate; as at B in the laſt Scheme. '' _ 
Proceeding on in the very fame manner from Ordinate to Ordi- 
itz, you may with great Expedition and ExaQnefs find as many 
rdinates (or rather their Points only,like Bas may be thoughr 
mwenient, which being all joyn'd together with an even Hand, 
il form the Parabola requir d. 4:58 [ae] | 
NB. The more Ordinates (or their Points) there are found, 
nd the nearer they are to one another, the ga ſier and exatter 
uy the Curve of the Parabola be drawn. The ſame is to be ob- 
vd when any other Curve is requir d to be drawn by Points. 


. 


SR, 5. To draw a Tangent 70 any given Point in the 
Curve of a Parabola. 


Targents are very eaſily drawn to the Curve of any Parabola ; 
or, ſuppoting S to be its Vertex, 8 
Point of Conrad, (viz. the Point 
here the Tangent muſt touch the 
we) and P the Point where the 
gent will interſect (or meet with) 
e Parabola's Axis produced: Then, 
from the Point of Contact B there 
drawn the Semi- ordinate B A at 
ght-angles to the Axis S A, where- | 
ver the Point A falls in the Axis, *twill be SP = $ 4. 


Demonttration. 
Draw the Semi-ordinate b a (as in the Figure) then will the 
AP and AbaP be alike. Let y=A Sthe Abſciſſi, 
| D dd and 


— — — — 
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and SP; put x = 4 a the Diſtance between the two dm 


ordinates, which we ſuppoſe to be infinitely rear each oth 
in the Ellipſis, page 371. 1 the 


Then] 17 ＋ K: B 4: JÞzÞ x: ba. Per Theoreniz 
I, Or 20 +2: DW bs BA: Ba. See Pag: 192. 
30: 034: : Oba. Per Theorem page zu 
3, Or] 40% +x:: OBA: Oba 
J 
6 


422+ 45. 101 21272 ＋ 22 


22x 
V. 1 15 Ar 
| 29x + ZZ + 27% + XX 
6 1 232 +98 +22 + ane ii 
| . 
That is, 8 . + xx Conſequently -=—y +, 
Suppoſe} g = o And Kejected, As in the E- ipſis, Page 


XT 2 


I 10 7 = * Conſequently zz = y y 
10 2lnilz=y That is, SP =$4 


Q. E.D. 


/ WEIS 00 


— 


C HA P. IV. 
Concerning the chief Properties of the Hyperbola, 


No Any part of the Axis of az Hyperbola, which is in 
cepted 3 us Vertex and any Ordinate, (viz. any 
9 Diame ter) is call d an Abſciſſa; as in the Parabola 


Sect. 1. 


The Plain of every Hyperbola is proportion d by chis genen 
Theorem. 


As the Sum of the Tran fu wart ſe azd any Abſciſn m 
tiply d into that Abſci 7s to the "Seu are of i 
Thbecz em. Semi-ordinate : : ſo is the Sum of the Jö 0 
and any other Abſciſſa multiply d into that Atl 
to the Square of its Semi-ordinate. 


pap rus * 


Chap. 4. Concerning the Hyperbola, 


© That is, if TS be the Tranſverſe Diameter, 
S a, S4 Abſeiſſa's. | SI 


And 14 a, B 4 Semi- ordinates. 


Ta=TS+8a 
: men TT SF 


And it will be 

TaXSa:nba::TAXSA: 0.84. 
That is, | 

$+ SaXSa: Oba: F :0 BA 


Demonſtration. 7 A] 


Let the following Figure HV GC repre ent a Right Co Cone cut 
ito two parts by the Right. line & 4; then will the Plain of that 
aion be an Hyperbola, (by Sect. 5, Chap. 1.) in which let 8 4 
eits Axis, or intercepted Diameter, þ a þ 2 B 4 B Ordinate 
ry apply d (as before i in the Parabola) and 7 5 its Tranſ- 
erſe Diameter. 
Again, if the Cone is ſuppos d to be cut 
baſe HG, Fd of a 
iipſis and Parabola. 


Then will the a Sg A and ASG Abe 2 
ike, alſo the a Ta h and TA H will be 
ke ; therefore it 


will be 1\Satag::SA: AG V 
i And] 2 Ta: 4 h:: TA: 41 
es XAGS= SANA 
2 | 4 rexA4Hz=TaXab | 
1 +} 5]$=$4xT4Xagxab Þ _ 
But | 6{agXabezOab SETTER Ns 
e 348 . NN 
And | 7 1575 
Lima page 357. 
Th ee 
6, 78[JSSAK TAN N42 H = 6 
which give the following B 


hb 85 parallel to its 
e, Se. as in the 


LA :SAXTA: B, &. 
” P | Q. E. D. 
Ddd 2 Theſe 


— 


388 = 
Theſe Proportions are the common Pro 
bola, and do only differ from thoſe of the Fer 
and —; as plainly appears in all the fo 
lowing Pro portions. 

That is, if we ſuppoſe T'S the That. 
verſe Diameter common to both Sections, * 
(viz. both the Ellipſis and n as 
in the annexed Scheme, of 


Then in the Fllipfis it will be „ 
T'S—SaxSa: Db: :TS—SAXSA:0 45 S 
As by Sect. I, Chap. 2. J. 2K * * 
And in the 225 it is 4 
zi Jas: SAXSA: 048, — 


as a T” — 
And therefore all hs bs Bates requir'd;/; .. 


in the H perbola, may (in a manner) be un den 
due duo Regud being had to cgi" ol che = AE th 


X 8 RY het. mth 1 


ts. ts. toes Bhs 1 ——— 


"=" 
_— - 1 


Se 2. DH fud the Latus Rectum, or 7 Right 
ef any Aperol | 
From che laſt proportion take either or the W dh 
Conſequent, viz. either Ta x SA: [UI aB. Or PAS A: 04 
To them bring in the Tranſverſe 78 for a third Term, andly 


thoſe Three find a Fourth Pr tional as in the Elli and 
that will be the Latus Refi? (#7 pe 
nabxTS 


Tal: \ | Sic 0ab::TS: F tel 


| Rectum, which call L Cas in the Parabpla) 
Then|2 TS:L::TaX8a;0k5. - 

Bot | 3 TaXSa: Oak; TAXS A: 45 Therefar 
2, 1 he „ 


——_ 


Conſequently L is the true Titus Rectiam or right Parantt 


by which all the Grdinates may be found, coe, to irs Del 
tion in Chap. 1. \ - 


And becauſe TS + 82 =Ts let it o 84 dea. of 


 DabxTs. 
1h | 
Then it wi © 5377 51 N 


Ang in the Ellipſis it world * 77 | . 
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Sec. 3: To find the Fotus of any Hyperbola. 

The Focus being that Point in the Hyperbolas Axis through 
hich the Latus Rectum muſt paſs, (as in the Elliplis and Para- 
ola ) it may be found by this Theorem: | 
＋ To the Rectangle made of balf the Tranſverſe eto 
Iba he Lats Rectum, add the Square of half the 
| eozem Tranſverſe, the Square Root of that Sum will be the 

| P diſtance of the Focus from the” 0 entre the Hyper- 
ola. 


4 | Denionttration, 
Suppoſe the Point at F, in the amerd Schewe, tobe the Foeus 
ughe ; then will FR AI. + 


Let TC = C'S be half the N ee; ; 
n is the Point C calld the Cxatre of the > 
877-4014 (for onion tage ta be teens: - 
er bew d | 4h 
Ader Z. I 72 aXa ILL. 
hat is, 2 TS: L:; : T$+SFX FS: DFR. 
. 13 2dL 2d + an 
1 + 4% % + e 
yp  215|v/da HL =de=FC. 
9 „-O AL -A = SF / 
oli the Ellipſis tis, 2d: L: 24 —a xa: 411. 
That is 40 = 2a — @ a, Ke. | 
The Geometrical Effection of the laſt Theorem is very eaſily 
erm ad, thus ; 
bos, vie. half the Latws Raclum; and let CS==6, 
27 


du Upon Cx (as a Diameter) deſcribe a 
cle, and at & the Vertex of the Hyperbola 
: f the Right-line z & Mat Right-angles 
| then joyn the Pornis CM with a 
bal and twill be CN + a=FC. 


f For 1 CS:S N. 8N: Fi 
Ti at is, 244: S Vi: SN: \ * 15 | 
2 3 L =O. SN. 3 1 
| But 4% ＋ US N= e 
- 4 ; dd + 'L=OCcCN . Al \ 
M =CNzd + a, &, 


T RY 


* 
—q—ꝓ —— ⏑ WO ̃ — n 


* 


W. 
* 


— Conick 
Now here is not ouly found the Diſtance of the Hyprrbolat 
Focus, either from its Centre C, or Vertex S, but here is 200 
found that Right-line uſually call'd its Con jugate Diameter, yi, 
the Line SN, which bears the fame proportion to the Tru 
verſe and Latus Rectum of the Hyperbola as the Conjugate Diane, 
ter of che Ellipfts doth to its Tranſverſe and Latus Rectum. 


For, in the Ellipfis TS: N#:: Nn: LR, per Sed. 2, pag 363 


Conſequently TS: 3 VN:: IN: LR. 
But 2 TS d. iNx—=8N,and LR 
Therefore 4: S N: 18 N: j L. As at the 2d Step above. 
What Liſe the aforeſaid Line »S Mis of, in relation to the 
Hyperbola, will appear farther on. ha 


Sec. 4 To Deſcribe an Hyperbola in Plan. 
In order to the eaſie Deſeribing of an Hyperbola in Plan, i 


will be convenient to premiſe the following Propeſ tion, which 
differs from that of the Ellip ſis in SeQ. 3, Ch. 2, only in the Sine, 


If From the Focus's of any Hyperbola there be 
drawn two Right-lines, ſo as to meet each other 
in any Point of the Hyperbola's Curve, the Dif 
rence of thoſe Lines (in the Ellipfts tis they 

| Sum) will be Equal to the Tranſverſe Diameter, 

That is, if F be the Focus, and it be made CF = CF, (ui 
the laft Scheme ) then the Point F is faid to be a Focus out of the 
Seftion, (or rather of the oppoſite Section) and it vil l 
FB—FB=TS. DR Rs 


P2opolition. 


Demonſtration, | 84 
Suppoſe F C, or CF x, and S A = x. Let CS, or TC 4 
zs before. enen 
Then will f Ad + x +z, and FA = 4+ x—Z. 
Again; Let FB —h, and FB =þ. Then 24=b— +, by 
the Propoſition. - APY omit | 
From theſe ſubſtituted Letters it follows, © 
* lah 2dx -+ 24z + xx + 22x + zz= 0.4 
But! 
Per 4th ;| 
of laſt $ |? 


2 | dd + 2dx — 24z + xx — 2zx 1 2z2z=0 F4 t 
DAH R Ando fd + AB=2F 


dd AL da Tada + aa 2 FCA 
od 


ectfons Fart ix 


391 


1 8 os, 
Again! 6] 24: L:: 24 +x XN: O AB. By common Properties. 


g : . 4 axti DAB 


7 
7 1 8 21»: b 006 _ addadsx —_ ddxx _ 4 B 


ad 
4 0 ad + 24x + 24z -+ xxt 4- þ+ 22x + x2 + 


FF 


d 4» 2d x = 24z + 2x + 22x ＋ KK 
_ * 5 — . 20, 435 =D FA Ad 4B == 8 


) + d 111 4* + 24*z ＋ 2ddzx + ddzz + 2dzzx + xx = dabb 
od 1214* — 24*z — 2ddzx + dd + 24338 A = ddbs. 


Il wy 2113. 4d d7 * xx = &h [ Altho' the Equation at the 
ns © OS , 
= 45] IAT = | 4, (by the qth Step) er from 
TJ 
6, K 1 ＋ 22 ws 4 ant nor «il 
122. e 


WI But becauſe I would leave no room for the Learner to doubt 
about changing the Zguation, d — x — = into that of 
+= — 4 , it may be convenient to illuſtrate the whole 


Proceſs into Numbers, whereby ( 1 preſume ) twill plainty a 
2 * 1 9 plainly appear 


In order to that, Let the Tranſverſe TS gd = 12. Thend =6 
Suppoſe the Abſciſſa & = x =4, And the Semi-ordinate 4B =3 


Riv TL TE e e HEE 
„ 023. |2[12 X 4 = 64:9:212 :1,6875 = 

Again 3 e = ta=cr per Sect. 3. 

3) viz. | 4 + 36 +5,0625 = 6,498 = CF=zx 

rel d +x+zx =6-- 4-+- 6,408 = 16,408 24 
And % + x — 3== 6 +4 — 6,498 = 3,592 F. t 


5 0 2 


b 


— 


U 


——— 


392 Conick Sections Fan N, BC 
21 7] 269,2224 = Df A "BY 
2 4 2] 8] 12,9024 =O FA t * * Ty 
But] 91 9= 045 Ne by Suppoſition, 
7 + 91101278, 2224 =DOf4+OA5=DOfB 
8 + 9|11 29026 = FA+OCAZB=OFB » 
10 wy 2] 12] 16,68 =# 1 | h 
Il u 213 4,68 = F B — | A 
12 - 131 14) 12,00 =f B=FB=TS. Which was to be proj 


E chis Pro po ſition be truly underſtood, it muſt needs be eſe 
to conceive how to deſcribe the Curve of any Hyperboli vey 
readily by Points, when the Traxſverſe Diameter and the ha 
are given, (or any other Data by which they may be found, 4 
in the precedent Rules) thus; | 

Draw any ſtreight Line at pleaſure, and en it ſet off the Length 
the given Tranſverſe TS, and from its 
Extream Points or Limits, viz. TS, ſet 
off Tf — SF, the Diſtance of the given 
Focus (viz. the Point f without, and 
F within the Section, as before ) ; that 
done, upon the Point , (as a Centre) 
with any aſſum'd Radius greater than 
75, deſcribe an Arch of a Circle; then „ 
from that Radius take the Tranſverſfe F % 1 
T'S, making their Difference a ſecond = { «&. 
Radius, with which, upon the Point F ; 
within the Section, deſcribe another Arch , . : e 
to cut or croſs the firſt Arch, as at B; Then will that Point Bt 
in the Curve of the Hyperbola, by the 1aft Propoſition. Ant 
therefore tis plain, that proceeding on in this manner, you 7 
find as many Points ( [ike B ) as may be thought convenient, the 
more there are, and nearer they are together, the better 7 which 
being all jon together with any even Hand (as in the arabch 
will form the Hyperbola requir d: fil 


1 
0.2 


4$*8 

* "7 
. 

8 7 


There are ſeveral other Ways of delineating an Hyperbols 
Plano : One Way is, by finding a competent Number of 04, 
zales, as by Section I» Oc. but I think none ſo eaſie and expel 
tious as this Mechanical way: I ſhall therefore, for Brevity fake 
paſs over rhe reſt, and leave them to the Learner's practice, 3 
ing eaſily deduced from what hath been already ſaid. 10 


gell. 


ä * 
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Sect. 3. To dra a Tangent to any given Point in the 
'  Curveof an Yyperbola. 
The drawing of a Tangent that will touch any given Point in 
he Curve of an Hyperbola, may be eafily perform d by help of a 
beorem; as in the Ellipſis, Sect. 6, Chap. 2. 
D = TS the Tranſverſe Diameter» - 

55 == the Latus Rectum. 
SSA the Abſciſſa. 

the Diſtance between the Or. 

dinate and that Point in the 
2 Trenſoerſe cut by the Tan- 

ent: 

Then 171 given, x may be found by 
lis Theorem, 15 —— KX 
[which differs from that in the Ellipſis 

only in Sines, Vide page 371.] 
br, if à be given, then y may be found by this Theorem: 
heozem.V 22 5 2＋44—2D9 

Demonſtration. 

Draw the Semi-ordinate 5 a, as in the pes, and 


an infinite ſmall Space between the two Semi- ordi- 
nates ; as before in the Ellipſis, Ec. | 


dz=AP 


ut x = AA 


ö Then] 1D: L:: DV): DAB 
i Fhutis, 2 TS:L::FSESAXSA: DAB 
=, <-| Dy L — 
It 9 D "IRON 
a Again] 4D: L:: Dy 25 — Dx +xx: ab 
That is, 5 TS Z. TSS K S4 U145 
«T0 A ab | 
r Figure 7 J: AB:: 2 — x: ab, viz. N 
71m O's x: DAB:: 32 — 23K + xx: 14 
Suppoſe | 9 þ O and —_ whos rejected (as i the Ellipſis) 
hen 3, 910 : 21: - 77 ay 
0 Dy Lzz +11 Lax = 2DyEz —= 211 Ef 0 


2 
E e e 6, 11 


——— . Po * „ — «% — 


394 Foniich — —. 
D * 


* Ay I. R 


6 1111 eee 
22 — 28 _ 5 
5 ZE 7 


12 reduc'd % Da + 29 == Dy Dy T* 
13 Analogy 14 2 DT Y N D 9: Zu ts 8412 14745 


Dy 
11D 505 4 1 Wich is the fn Throren, 


13 — % F 
DD sdb 03g. 


Pd gu. fad co gu awo. 


16 2 oth +Dy De Togo FED 
| * hays Q = bo 4 
17 4 88 14 * D , \ LY Bo 
| BTZ Which! is the 
2 . n x 5 D D 
— — — — — —— — — — Q. E. D. 


The Geometrical Effection of the "ft 0 ol theſe" Theorem is 
very eaſie; for, by the 14thiStep,'tis evident that there aue thy 
Lines given to find a 6 CN 


* 3D Sr holium. V. ratd- 
; wb,” 


From the compariſons which have been all- along made in ti 
Chapter berween the Hyperbola and the E l. Sy twill be eie 
(ever for a Leurner) to perceive the 4 : 
Coherence that is in (or between) thoſe 
two Figures; but, for the better under 
{tai ding of what is meant by the (entre V. * 1 T. of 
and Aſymptote s of an Hyperbola, conſi :::: 
der the annex d Scheme, wherein it is 
evident (ever ty Inſpettiox -). that the 
oppoſite Hyperbola s will always be alike, 
becauſe they will always have the ſame | 
Tranſverſe Diameter common to both, c. 
(lee Scct. 1. of this CHap.) Alſo, chat the 
middle Point, or common Centre of the 
E lip ſis ĩs the common Centre to all the 
four Congugal Hyperbola's. 

And the 'I'wo Diagonals of the Right-angled Parallelograt 
which circumſcribes the Elli pfis, (or is inſcrib'd to the fow Hy 
perbola's ) being continued, will be ſuch 4ſymptotes to thoſe N 
perbola s as are defined C hap. I, Sect, 5, Deſi u. 4 


dect 
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K 


Sect. 6. To draw the Aſymptotes of an Pyperbala, &c. 


Having found the Latus Rectum (by Sect. 2.) and the Conju- 
gate Diameter & NM in its true Poſition, by Sect. 3. Then, thro' 
the Centre C of the Hyperbola, and the Extream Points a MN of 
its Conjugate Diameter, draw Two Right-lines, as CNand Cx, 
infinitely continued, (as in the following Figure) and they will 
be the Aſymptotes requir d. 1 

That is, they are Two ſuch Right- lines as, being infinitely ex- 
tended, will continually incline to the Sides of the Hyperbola, but 
never touch them. yr etc „ NN 


| Demanttration. N | 

Suppoſe the Semi-ordinates ab and AB to be rightly apply'4 

o the Axis TA, and produced both Ways to the 4ſymptotes, as 

{mrs then will the a CS N, aCag, and A CAC be 
: | * | 


MW Let a= CS=TC. And L dhe Latus Rectum; as before. 
5 4x7 12 'P ' f ö 4 5 4 5 
bur J S J che Abſeiſſa's Then Che IF 


* ile 1d: O SN: :dd+2de ee: Dag 
"WM Bu| 3% L= USM per Sed. 3. 
EEA eL 


70 | 20 = 46 | | 
Again] Iz C: L:: ade ee: nab. per Set. 2, 
255 7 Pp 


Wag —ab =bþ peer Fig 8 
0 x HOO O =tfxbe- * 
75 10 HEFT XU =idL | By n/_3 X 
:DSN::dd+2dy+w:DO AG A 
Jes: QOS N:: JT 46 FX Cath 8 2 


& 


1 | b | 
Wa eee AY 
But rz? : L:: 2dy + /: AB: per Sect. 2. : 
] 9 0 zdy L + yy L _ | ; 
* Pr mon VT RT | 


Ee e 2 13-15 


39s  Conick Sections . Pan f, 


17 AG TABS FI 8 
Alſo? fig 46 418 BET Fig 
17 X 18h AG - AB = BFXBG . 
16, 19 EbBFNXBAGS= AL 


11,8 20. 21 bg =p" And BG = A 


From the laſt Step tis evident, that the Aſymptotes are nent 
the Hyperbola at & than at g, and conſequently will continually 
approach to its Curve: For B F) : d L (SB is leſs than ½ 
% L(=5b g, becauſe the Diviſor B F is greater than the Diy- 
ſor ,; and it muſt needs be ſo, where-ever the Ordinates ut 
, produc'd to the Aſymptotes, from the Nature of the Triangles. 
Again; From the 7th and 16th Steps tis evident, thit the 
Aſymptotes can never really meet and be co-incident with the 
Curve of the Hyperbola, altho both were infinitely extended, be 
cauſe 3 40 L will always be the Difference between the Square d 
any Semi-ordinate and the Square of that Semi- ord inate, when 
produc'd to the 4ſymptote. we 2 * 


Conſettary. 


From hence it follows, that every Right-line which paſſes thro 
the Centre, and falls within the Aſymptotes, will cut the Hyper 
Zola; and all ſuch Lines are call'd . (as in the Ellipſi 
becauſe the Properties of the Hyperbola and Ellipfis are the ſame. 


Note. Every Diameter, both in the Ellipſis, Parabola, ul 
Hyper ola, hath its particular Latus Rectum and Orainatei; 
which ſhould they be diſtin&ly handled, and the Effection of al 
ſuch Lines as relate to them, as alſo the Nature and Properties 
ſuch Figures as may be iuſcrib d and circumſcrib & to all the Sec 
ons, with the various Habitude or Proportions of one Hypertol 
to another, Sc. would afford Matter ſufficient to fill a large Volums 
But thus much may ſuffice by way of Introduction; 1 ſball ther. 
fore defiſt . them any farther, being fully ſarisfied, that 1 
what J have already done be well underſtood, the reſt muſt need 
M, eaſie to any one that intends to proceed farther on tl 

ubject. 
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INTRODUCTION 


IMathematicks. 
_— PART V. _ 


HE Method of finding out any particular Quantity ( viz. 
either any Line, Duperfictes, or Solid ) by a Regular 
Progreſſion, or Series of Qzartitzes continually approaching 
o it, which being izfiitely continued, would then become per- 
ealy Equal to it; is what is commonly call'd Arithmetict, which 
| ſhall briefly deliver in the following Lemma s, and apply them to 
practice in Ending the ſuperficial and ſolid Contents of Geometris 
Figures farther on. | | 


LEMMA I. 


r 


— * 


Quantities) 4, I. 1. I. 1. &c. Or 2. 2. 2. 2. &c. Or 
3. 3. 3. &. if one of the Terms be multiply d into the 
umber of Terms, the Product will le the Sum of all the 

Terms in the Series. | 


This is f very plain, and eaſic to be underſtood, that it needs 


w Example. | 
LEMMA I. 


If the Series of Numbers in Arithmetick Progreſſion begin witha 
Cypher, and the common Difference be 1; as, O. 1. 2. 3. 4. &c. 
(repreſenting a Series of Lines or Roots beginning with a Point) 
if the laſt Term be nwltiplyd into the Number of Terms, the 
Product will be double the Sum of all the Series. | 


That is, putting L = the laſt Term, N= the Number of 
ums and $ = the Sum of all the Series: | 


| 
| 


In any Series of Equal Numbers, ( repreſenting Lines or other 


Thea 


| 
N N 
| 
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Then will NL = 28. Conſequently, 4 NL=$. 

viz. one half of ſo-many times tlie greateſt Term as there ate 

Number 1 Tm, in the Series. | 

Thus 4 LE 22 22 = b asg = 
And this will always be fo, how 

by Conſect. 1, page 185. 4 


J 
r LE MMA III. 1 
„Serlegef yard dhe ſ s Shdes or Rohrs bd wal gase . 
c Beginning with u Cypher; Ne. (as in t he laſt Len: 
ma) be in Wanze, , Term. © the laſt Term being multiphd i- 
Jo the Number of Terms, will Fe Hot to the ſum of 28 th 
Series, viz. N LL * 38, or; N 
Thar is, the Sum of ſuch 4 Series "will be One I hard. of the 
laft or greateſt Term, ſo many times $i as 18 1 _—_ > 
1 in the Series. 


many Terms ſoever there are, 


Ene Fin fevers Mus. <a. 
e 932 701-5068; nent a 
* GR” Er Ik ® 

Ard Ih 8% ee of zee 4 25 conn 
ee $27 acl tr 599435: 5 
9+94+ 9 e ee 2” 


16 716 T6 T1816 80 8 24 1 
From theſe Inſtances tis evident, that as 5 Number df I. 
in the Series does encreaſe; the Fragen A Exceſs above dhe 


decreaſe, the faid Exceſs always being ——— —_ 5j | which, if v ve {up 


poſe the Series to be infinitely continued, will then decade 
te ly ſmall, xix. in Effect nothing at all. 

| Conſequently, ! NL may be taken for the true or r perfec{Si 
of ſuch an . — of Squares. 1 


7 E M M A IV. r 
777 4 Keri ries of Cubes whoſe Roats are, In Arithmetick Fan ln | 
| beginning with a Cypher, &c. (as above) be infinitely continua 
the ſum of all the Series will be NMLLL == S. 


That is, One Fourth of the aft or greate/# Term ſo man t ret 
1 as is the Number of 1 5 4 
Inſtant 


54x . 2. ON 
3-4 - Xe + 4 + 9 + 3 "2, A 40 1 E 


— applyd t Symperticies ard Sottds. 399. 
„ | Tuftances in Cube Naanbyrs, | | 


Io. 1. 2. 3. Bc. be the Roos of the Cubes. 

o 4124 $4539: 36%ͤ 4 * 1 
wn 1 . 27 F 
L 27 2 27 108 BY zin J r 
1 o+1+84+27 +64" 40 2 5 1 212 
2. 3 * | Ht 54 


do mommy tne nie = >; -- 
CA +64 +6477 6 WH 53 % , :. 


0 1 + 64 425 225 45 3 
— . — er / e : 
2s +:125 +123+12þ 4125 +.125, 7 150 0 
Lit (Puts 7 * 018 N i] ; j » 


- x 0 OY "{ * * 


oy . . 


20 4. 20. PST oli eat ae bo 
From theſe Examples it plainly appears, that'as the Number of 
rs in the Series aer aſes, the Fraction or Erceſs above ; de- 
. 1 „ e ROE 299512 ni ror rf 22 
% e, the Exceſs being always IND which, if we ſuppoſe 
he Seties to be infinite iy conti nu d, will become infinitely ſmall; 
r rather nothing: As in the laſt: Lemm. 
Conſequently, : NLE may be taken for che true and 
dum of all the Terms in ſueh an infinite Series of Cubes. T % 
EMMA V. 


* 1 


i ani zi R in, oi piles: 2 5 
Fa Series of Biquadrats, .whoſe Roots are in Arithmetick Pro- 
greſſion, beginnixg with a Cypher, &c. (as before) be infinitely 
continued, the Sum of all the Terms in fuch a Series will be 
I“. f 3 29 EE 
F 


The Truth of this may he manifeſied by the like-Proceſs as in 
be foregoing Lemma s, and ſo on:;for highex Powers, But if any 
ne deſires a farther Demonſtration of theſeSerics, he may (I pre- 
we } meet with ample Satisfaction in Dr. Mallis's Hiſt. of 4/g2- 
"a, chap. 78 & 79, wherein the Dr. concludes with theſe words: 


Thus having ſhew'd, that in a Progreſſion of Laterals (or 
Arithmetical Prgportionals) beginning at o. the ſum of 2. 3. 4. 
5. 6 Terms, is always equal to half of ſo many times the grea- 
teſt ; and there being no Pretence of Reaſon why we {hould 
chen doubt it in a Progreſſion of 7. 8. 9. 10. Sc. we conclude it 
ſo to be, tho ſuch Number of Terms be ſuppos d infinite. 
Again; In a Progreſſion of their Squares having ſhew d, that 
in 2. 3. 4. 5. 6 Terms the Aggregate is always more than One 
Third of ſo many times the greateſt, and the Exceſs always ſuch 


121 aliquot 


2 


. 
- 
1 = Wy". —_ . — — N 


—— COTE — 8 — | "5 
400 The Arithmetick of Jnfinites Pary, 
4 aliquot Part of the as is denominated by fix times th, Ml 
Number Cen Serta? 1. (As, if the Wen be; l 
Ait is 2 + +3 if z, it is T vr; if 4. it is T z 


< it is = + r of ſo many times the eſt Term, and ſo 
«c ward ) we may well conclude, (there being no Pretence o 


< Reaſon why to doubt it in the reſt) that it will be fo, how - 
cc ny ſoever be ſuch Number of Terms. And becauſe ſuch Exch 
« Fall (or Jeb than aun grebe) we corclate ( BA 
cc or | e) we e (from the Wl 
> Method of Exhauſtions | that, if the Number of Terms befw-WM, 
dc pos d 1 r ſuppos d to vaniſh, and the t 
Aggregate of ſuch infinite Progreſhon ſuppos d equal to 
4 of ſo many times the greateſt. | 

In like manner having prov'd that ſuch Progreſſion of Cube 
cc bar roach infinitely neu Wi 
4 to of ſo many times the and of Bi ts to 2, ul 
& ſo of Surſolids to + of fo many times the greateſt, and ſo dr. 
« wards as we pleaſe to try; and there being no Pretence of Na. F 
« ſon why to doubt it as to the reſt, we may take it as a ſufficient Wl 
& Diſcovery, that ( univerſally ) the Aggregate of ſuch infinite c 
& Progreſſion is equal (or doth approach infinitely near) to ſuch . 
« Part of ſo many times the g as is denominated by the 
« Exponent (or Number of Dimenſions) of ſuch Power (n is 
4 that according to which the Progreſſion is made) encreasd wi? 
cc 1. namely, o 1 of Squares 2; of Cubes 2 of N. 
« quadrats + (of ſo many times the greateſt) and ſo onward ir 
« finitely. | 8 
This Diſcourſe of the Doctor's I thought convenient to infer, 
8 may give ſome ſatisfaction to the Learner, to beat f 
Great a Man as Dr. Walliss Arguments about the Truth of the 
Series, which I have briefly deliver d in the foregoing Lemma 


LEMMA VL 


If any Two Series or Ranks of Proportionals have the ſame Nu 
_ berof Terms, (whether Finite or Infinite) it will always 


: vo the firſt Term of one Series: is to the firſt Term of ih 
e 


other Series:: ſo is the Sum of all the Terms in the one d 


ries : to th? Sum of all the Terms in the other "Eg | 
| ' ; 12 „. 


As 
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The Application of theſe Lm A to Geometrical Quantities, 
vz. to Linss, Superficies, and Side, wholly depends upon gran- 
ting the following Hypotheſes. 


The Yypotheſcs. 
1. That every Line is ſuppos d to conſiſt (or be compos d) of 
in in finite Serie of Equidiſtant Pointe. Wy (1 | 
2. A Saur fuate (V2. Ihe Aren ¶ any Figure) to conſiſt of an in- 
inite Series of Lines, either /ireight or crooked, according as the 


Hure requires. 4 : 3 

3. A Solid to conſiſt ot an infnite Series of Plains, or Super fi- 
ries, according as its Figure requires. 1 

Not that we fappofe Fines, which have really no Zreadth, can 
fill a Space dt Superficies; or, that Plains, which have not any 
Thickneſs, cam conſtitute a Solid: But by what we here call Lines 
we to be underſtood ſmall Parallelograms (or other Superfiries ) 
infritely nartdwi yet fo, as that their Breadthsbeing all taken and 
pu together, muſt ebe Zʒual to the Figure they are ſuppos d to 

up. iel Ni 03-19 ISI W 

And thoſe Plaixs.or Superficzes, which are here ſaid to conſii- 
tute a Solid, are to be underſtood iꝝſivitely thin; yet fo, as that 
their d-pths or thickneſſes (which are hereafter alſo call i Lines) 
being all taken together, muſt, be equal to the height of the pro- 


Now, in order to fender this 15/67 em eafie for a Learner 
a very plain and fami- 


to underſtand as 1 can, 1 ſhalt here propoſe 
lar Example; ©: . | FE: i ES 

Viz. Let us ſuppoſe any Rook to Be compos d (or made up) of 
199, 200, 300 (more or leſs) Leaves of fine Paper; ſuch a.Book 
being cloſe put together, will have length, breadth, and depth or 
thickneſs, and therefore may (vat improperiy) be call d a Solid; 
and each of its Edges (being evenly cut) will be a Si pes ficics 
compos' q of a Series of ſmall Purallelograms, every one of their 
readths being only the Edge of a ſingle Leaf of Paper; and it 
We conceive the Thickteſs of every 2 4 thoſe Leayes * be 

1% F ivie 


2 \ 
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divided into 10, or-100, or 1000, Ec. they will then become ſuch 
a Series of 7»finitely-ſmall Lines as are (by the Hypotheſis ) fil 
to compoſe or fill up a Superficies. - | , 

And all the Superficies of thoſe infinitely-thin or divid:q 
Leaves of Paper, will become ſuch a Series of Plains, or Super. 
ficies, as are ſaid to conſtitute a Solid, viz, ſuch a Solid as the 
bigneſs and F igure of that Book. f — | a 


Now, according to this Jara of Lines, Superficies, and gd, 
one may, without the leaſt Prejudice to any Demonſtration, admit 
ef the following Definitions and Theorem. 

Sling 
„ e r | 

I. The Area's of Squares, and all other Parallelograms, are . il © 
pos d or fill d up with an 2+ftnite Series of equal, Right. lines. 

I. The Area of every plain Triangle is compodd of an ij: 
vite Series of Right- lines parallel to its Baſe, and equally decres- 
ling until they terminate in a Point at the Vertical Angle. 

III. The Area of aCirele may be compos'd either of an init 
Series of concentricꝭ or parallel Circles, or of an infinite Serie 
of CHord- lines parallel to its Diameter, or of an innumerable mul . 
titude of Sectors. e ˖ 

IV. The Area of an Ellipſis may be compos d either of an ir 
finite Series of Ordinates rightly apply d, or of an tnfinite dc: hl ( 
ries of Kight-lines parallel to its Tranſverſe Diameter. y 
V. The Area's of the Parabola and Hyperbola are compos(d 
of an iy finite Series of Ordinates ; or may alſo be compos d of ill © 
Right-lines parallel to its Axis, &c 

VI. A Priſm is a ſolid Body contain d or included within ſevs 
ral equal Parallelograms, having its Baſes or Ends 'equal, 1d 
alike; and it's generally nam'd. according to the Figure of iu 
Baſe : That is, $52 n N 
VII. A Gabe (or Solid like a Dye ) is a Priſm bounded ot i 

_ cluded within Six equal ſquare Plains,  - Wer dee 
VIII. A Para lle lopi pedche is a Priſim that hath its Sides bounded , 
or included within four equal Parallelegrams and two ſquare Bie 
or Erds. * : — 22350 \ anche 1. 41245 

IX. A Cylinder (or Solid, like a Rollivg-ftoxe in a Gard) u 

.enly a round Priſm, having its Eaſes or Bugs a perfect Circle, WW” 

ts 9 7% 8 n 1 en eee 5 


2 be \ — A = \ _ = 
— 1 8 — r o * * * 
— ——— — e 
"4 po cz - 
*- — — 


EE — 
ä— tte tiers Pom · ˙* L oo = 
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. " applfd ro Superficies and Solids, 403 
TY, The Solidit of every Priſm is compos'd of an infinite ſe- 
a equal. Pla, parallel and alike to — of its Rate“ 1 

XI. A Pyramid is a Solid bounded or included within ſeveral 
plain Triargles ſet upon any Polygonons Baſe, having their verti- 
cal Angles all meeting together in a Point, call'd the Vertex, and 
takes its Name from the Figure of its Baſe, viz. if it has a ſquare 
Baſe, tis call d a ſquare Fyramid; if a triangle Baſe, tis call'd a 
triangular Pyramid, “:.. 4 GH | 

XII. A Cone is only a round Pyramid, which hath been already 
defined in page 355, &c. Ap 2 IE 2 

XIII. The Solidity of every Pyramid is compos'd or conſtituted 
of an infinite ſeries of Plains, parallel and alike to that of its Baſe, 
equally decreaſing until they terminate in a Point at the Vertex. 


XIV. A Sphere or Globe (viz. a Ball) is a Solid bounded or 
included within one Regular Superficies, being form'd or genera- 
ted by the Rotation of a Semi-circle about its Diameter, ( calÞd 
the Axis of a Sphere) and its Solidity is compos'd or conſtituted 
of an infinite ſeries of Concentrick Circles, whoſe Diameters are 
the Chords of that Circle by which it was form'd. p | 


one Regular Superficies, form d by the Rotation of a Semi-ellipfis 
about its Tranſverſe Diameter, (call'd the Axis of the Spheroid ) 
and its Solidity is conſtituted of an in finite ſeries of Concentrick 


Circles, whoſe Diameters are the Ordinates of that Ellipfis by 
which it was form d. 0 R 

XVI. There is another ſort of Solid call'd an Oblate Spheroid, 
being form d by the Rotation of an Ellipſis about its Conjugate 
Diameter, and is like a flat Ternep. | 


XVII. If a Semi-parabola be turn'd about its Axis, twill form 
2 Solid call'd a Parabola Conoid, being compos'd or conſtituted of 


an infinite ſeries of Circles, whaſe Diameters are the Ordinate: 
df a Parabola. 


nate, *twill form a Solid call'd 3*Pyramido:d, but moſt commonly 
a Parabolick Spindle, which will be conſtituted of an 7» finite ſe- 
nes of Circles, whoſe Diameters are Right-lines parallel to the 
Parabola's Axis. ok 

a XIX. If an Hyper bola be turn'd about its Axis, 'twill form a 
) v8 Solid call'd an Fhperbolick Cooid, being conſtituted of an #f;- 
_ W*f* [cries of Circles whoſe Diameters are the Ordinates of the 
[he Hyperbola, | 

F ff 2 XX. The 


IV. A Spheroid (or Egg. lite Figure) is a Solid bounded with 


XVIII. If a Parabola be turn d about its Baſes or greateſt Ordi- 


4094 The Arithmetic of Rb Part F. 
XX. The Curve Superficies "of all C Circular Selids viz Cen: 


ders, Cones, Spheres, 2 compos d of an bite ſexier of 
the Peri yh of thoſe ircles which conſtitute t eir Solidities. 


Nun 


Upon theſe Definitions are grounded all the: following They 
rems; and therefore, if they were diligently ;compar'd with their 
reſpective Figures, it. muſt needs be of great help to the Learner, 
and would render all that —— ace, herein I ſhall bes | 
gin * __ hath been * p oy of n | 
cing the re | 
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THEOREM 1. 


The Hon of 2 Rig htrang — is wars 9 
macltiplying the Lough into its Bre auth. 


That is, BD XF B = the Area of the ge. B DF Gf 
by Lemma 1, compar'd with . HY 
Definition 1. | — 

Sanft. : = 
Suppoſe BD = 26, and FB=9 F==< 
Then 26 % 9 — 234 the e. 

dee Prob. 1, pag. 739. 9 


THEOREM II. 


The Area of every ow Triangle i is equal fo 517 the Ares 


of 1 47 ircumſeribing elogram. 


That i, =. — — = the Atea of 6 BCD, in the following Fe | 


Ke. 


andi. i 


Suppoſe the Perpendicular CA to be divided into an jnfinn 1 
number of equal Parts, as at the A Je a 
Points a, a, a, &c. and through FE 

thaſe Points there were drawn 
Right-lines parallel to the Baſe, | J 

BD, (viz. bad, bad, bad, gc) | 
Then will thoſe Lines he a ſeries [; 
of Terms 1n Arithmetick Progreſ- 
ton, begiuning at the Point C viz, 
, bd, 2% d, 3 U d, &c. as is evident by the Figure, wherein B. 
is the e greateſt Term L, and 'C 4 the Number of n = N. 


* 
a Bf 


Herisau Solids. 405 
Y Br = LS, by Lewnn 2. AndS= the Triage, dre 
Wiz Definition 2. C. E. D. Wü 

men =22= 117, Or NN 11. Or thus 26 X4 117. 


2 * 
he Area reduir d. bee Frollem 3," poge 3900 


\ 


The Peripheries of Circles are in Proportion one to another 
A NS a HBA Didmoters are. 
Pen DIDIVIER 50-07 >. 37 


Demonſtratlon. BA. 1 

Let the Periphery of x Ci7ite be divided into any Number of 
Equal Arches by Right-lines drawn from | 
he Cetre, (iz. Radius oppoſe 'em |, 38h 
. 25/0 the anner d Fighe, wherein f., 
zs one of them; Then, if thro anf 7  / : 
aut in the Radius chere be drawn a 9 
acentrick or parallel Circle, its Peri- ( 
z will alle bs divided into 8 equal \ '\ 
Wches by thoſe Radius s, one whereof 0 
gal be 2 5, and the & Ca h will be like 
WACAB He OLIN — | 
Therefore Ca: 425: : NA: AB. Or Ca: CA:: 45:43 


| Conſequent y 204: 20 A: N 8 
t C * d a the Diameter of the Circle, whoſe Periphery is 
2 ab. e Poe of For 


ud z2CA = DA, the Diameter of the Circle, whoſe Periphery 

84 B. Therefare, Sc. as by Theorem. Q. E. D. 

- ” Example. 2 

In Chapter 6, Part III, it was found, that if the Dꝛiameter of a 

rcle be 2, its Periphery will be 6, 283 1853, &c. | 

Ergo, 2: 6,2831853, Kc. :: 1: 3,14159265, &c. the Peri- 
phery of the Circle whoſe Diameter 1s 1. 


„ e Gallery, bs 
Hence it follows, that becauſe Unity, or 1, may be made the 
rſt Term in the Proportion, therefore 3,14159265, &c. may be 
nade a conſtant or ſettled Factor; which being multiply d into 
Wy propos'd Diame ter, will produce the Periphery of that Circle. 
Note, Inſtead of 3, 14159265, &c. it may be ſufficient to tate 
ly 3,1416. Or 
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Or, in whole Numbers thi Propartion may le, 
As 7: 22:. Diam:: Peri iphery 1 eſe Numbers may ſerve 
Or 113: 355 * * : Periphery ard are of ten uſed in cc 

3 mon Prattices : Tp 


Nr. THEOREM IV. 


T. Abb of any Sector of a Citele;\74 equal to 20 the l 
22 of the Radius into hy Arch. 1 ban 


That n= — = = the Area f ACP. 


by N 3+? \ AIDS MN 
- Demgnftration,. © 
Suppoſe the Radius CA to be divided into an infinite ſeries 0 
Equidiflant Points, às a, e; , &. and | 
through thoſe Points there were drawn g- 
eextrick or parallel Arc hes, as ah, e , 
Then they will be a ſerzes of Arebes- in 
Ahmet Progr ion, beginning at the 
doors C, (viz. O, I, 2, 3, Sc. ) as plainly 94 
pears by the Figure, 1 the greateſt 
erm is A B=L, and Number of Firms? 1 
CA = N. But: ML S the Sum of all 
the Series, by Lemma 2, and 8 the 8 
Area, by Definition 3. Q. E. DP). 2 
1 / 
Let the Radius CA==12 And the Arch A B — * * 


Then 2X8 8. Or 12 x8 = 48. one 
the Area of the Sector Ac B. 4d 


THEOREM V. 
The kd of every Circle is equal to half the Reftwigts of the 
Radius zzto its Periphery. 

That is, according to Archimedes, à Circle is equal to à Right 
angled Triangle, whoſe Sides containing the Right-angle ar 
equal,one to the Radius, and the other to the Peruneter of tha 
Circle. Pro 1. de Dimenſione Circuli. | 


The Truth of this Th2orem may be eaſi ly * from the 
laſt thus; If we ſuppoſe the laſt Sector to be one Eighth part of a 
Circle, then it follows, that - = = = 4A Bx 2 4 wil be 
the Area of the whole Circle. | 

But 4 4 B half the Circle's Periphery, and 2 4 = half its: 
Diameter; Therefore, Sc. As per Theorem. Q. E. D. 5 


*3 Tea 
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Ha. 
che Diameter be Unity, or 1, the Peripher will be 3514159265 
Sc. by Theorem 3. 


n 224259295 c = 0,78539816, &c, ( or 07854 fo com- 
107 0 will we Area of ** Circle. 


From 3 naturally "=; the following Pro Portion n 
te Square and its inſerib'd Circle. 


As the Perimeter ( vix. the Sum of the Four Sides) 
opoztion. 940 any Square : is to its Area:: ſo is the Peri- 
hery of the Þrſcrib'd Circle to its Area. | 
That is, ſuppoling 4 B = D = the Side of the Square, and 
e Diameter of its Toſerit '4 Circle; 5 
When 4D = the Perimeter, DD = the 4 
WI: of the Square, and 3 'T 416D =the 
: eriphery of the Circle. 87 Theorem ox 
Wu 4D : DD :::.3,1416D :0,7854DD =.  |- 
be ircle's Arca. | cs Sk 
WMindif D = 1; Then 4D = =— a. 
D—1X1 =t; and the Periphery g 
Will be 3,1416 , 
Then 4 : I :: 1 : 0,7854 Kc. As in the EY above. | 
And from hence — be eaſily deduced the following Theorem. 


F "THEOREM. VI. 
The Area's of all Circles are in proportion one to another as the 
Squares of their Diameters. (2. e. 12) 
For if D = the Diameter of one Circle, and 4= the Diame- 
ter of another r Circle, 
Then will 0,785 4 DD be the Area of one Cycle, ind 0,7854 dd 
will be the Area of the other Circle; as above. 
ut © 7854.DD : O 7854 dd: : DD. dd. Or thus, 
Ler D = the Diameter, and P — the Periphery of one | Circle; 
(= the Diameter, and p = the Periphery of another Circle; 


a {hen {1} LD XA DP = = 4 the Area of one Cirele. 
ef And X 2P = 1 47 Sa the Area ef the other Circle 
X 4] 3 DP =4& 4 5::!; ., r 
MW: x 4| %% 44 
; = D|5 2 | . eee Fo 
n D 47D 


 w4aD - — — 6 


—_—— — 


2 The dme e — Tart V, 0 
Bot 7 P: p:: D: d. Per The 5, 
5, 6 SD, 4807 300 
8 © | 9|4DDa=adt1 e e 
9, Analogy| 10 DD: A: 44 * Or Aa: DD: d? | 
Te ANON Petro nel Thrall ee" 5a le 


A 
h Corollary, 6 
Hence it follows, that becauſe the Square 1. is Ly ( vie 


IXI SI) and 0378539816, Sc. ar 0854 is e Ae ch | 
Circle whoſe Diamerr is 1, (as. before) = it. will be 


1: 0,7854 © So is the Square of any. Circles Diameter: to idr 
Area. Nin 1 is the firſt Term in the Proportion, thete 
fore 0,7854 may be made a conſtant Factor; which being mi 
tiply'd into the = of any propos Diameter, will produce 10 
Arra of that Cir 2 
Note, The Four laſt Theorems 40  plainty ſh ſhew the A 9 - 
all the common or practical Problems Lee a Circle, which, fol 
the Learner's farther ſatisfaction, I hav here r h 3 
Polt as before, _ 
FP =o barons © of 5 "MF 
e Periphe $ Cicde; 0 Is 
A= the el my any prope N 0 
: | Probl. 4 D being given, | 'D find P. Nor 
1 : 476 tr B: 7 Per Theorem 3. > Ich. 
2351416 'D =P 
Te Lei * 92. Then 3,2416 X 32= 103i I te 
the Peri 22 fn 
rr 
2 cope: Dp ee . 75 — | 
4 0.7854 55 _—_ ; H 
1 -| Supps D i; 32, (as before) 
en 55 = 32 X 32 8 Ide 
1 7854 X 1924. = 804,496 the Area l 
1 81 '' Probl. 3. Pheirg given, To find D. n 
$2 D + = becauſe n=" —— = 0,216 
5 n_— Or a4 0,3183 PD. b vl 
_\ This ;abelos only (oxverſe to the firſhneeds No 2 th 


10 
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II. Prob. 4. P, being given, To find 4, 
2 G8 2 686965 DD = PP te x 


PP $I 
— 5 2 — —D 
6 ＋ 7 9,86965 n | - 


* 'DD = I A=DD. 
or 455 1,2732 


9 F 
. 
J 9 es 67854 Or o, 10132 1,273 
1 2 PP = A4 
X K. 10 FG A Or 0,07957 
d | Prob. 5. 4 being given, To find O. 


v 2 [IDS N r D=y 1,2732 A 
8 w 2 11D * 55854 © VI, kid 18 2 01.4 
I [OO Prob. 6. A being given, to find P. 


'Þ A 55 . n r W 0,7657 


12 w 413 P = 12,56644 Or P=\ n 


0.507957 


1 m — 


— 
—_— — ws 


. 


Theſe Six Problems contain all the Variety that can be pro- 
- oe about finding the Periphery, Diameter, and Area of any 
= (:rcde. ANAL 1-4. RSG | * 
But if it be requir'd to find the Area of any Segment, or Part 
cf a Cirrle cut off by a Chord, that Work will require a far- 
cher Conſideration. N en | 
= Firſt, As to the Data, there muſt always be given the Diame- 
ter; or, either the Periphery or Area of the Circle, in order to 
find the Diameter. 1 . 
Secondly, There muſt alſo be given, either the Chord, which 
is the Baſe of the Segment, or the verſed Sine, which is the 
Height of the Segment, | 5 5 
. That is, either BG, or AF, in the following Scheme, muſt 
be given, that ſo the Area of the A BCG may be found. 
hen it's evident, (by the Figure) that if the Area of the 
A B CG be taken from the Area of the Sector C B AG, the 
Remainder will be the Area of the Segment BAG. 
And if the Area of the Segment B 4 G be taken from the 
| whole Area of the Circle, the Remainder will be the Area of 
dhe other Segment D B C. 


Ggg Exam- 


_— > 


415 be Arithmetic Afinites Part V. 
e ri e YES IE | 5 
Example in Number. E 8 

Let there be given Naa. nau Prob. 11 


And the — Sine A F== 6. "ti | : 
Then +DA —BC GH = 16, -- --- = 
And CA— AF=CF=i0. \ 


But 0 BC — OCF=OBF. 


Conſequently / RU IC FBF 
Viz. 156 = 12,49 = BF. = YON 


Then by the Doctrine of plain Ei- n 
argles, the Arch BAS L BCA may be 
found in Degrees and Decimal Parts. | 
Thus BOC: Radius:: BF: Sing . BC F = 519, 31 Degrees, 
And then it will always Hold in this Proportion: 


I Os 


8 the Circles Periphery in Degrees: is to its Periphe 


in Equal Parts (according to the Dimenſions taken) 
So is the Arch in Degrees (Viz. L R CA): Io the ſans 
Arch in Equal Parts. | 


Viz. 


That is, 360: 10035312 : 226 1* 331: 14,3284 2 B34. 
Then. 14,3284 X 16 = 229,2544. the Area of the Sector B CA 
And 12,49 X 10 = 124,9 the Area of the A BEG. 
Their Difference 104,544 =the Area of the Sr gm. BAG 
Or the Area of any Segnert may be otherwiſe found (as md 
uſually it is) by a Table of the Segment s of a Circle, whoſe Ar 
is Unity, or 1. The Conflruttior or making of fuch a Table 


In a Circle whoſe Area is Unity, and its Diameter tut by Cho 
Lines into 1000 Equal Pars, To find the Segment to any ve 
ſed Sine propos d, not exceeding 500 uf thoſe Equal Parts. 
1. Multiply the verſed Sine propos'd by -0,002, and Subſtra 
the Progdutt from an nit or 1. 855 — 
2. This Remainder yourthall ſeek in the Common Table of N 


4 


ruxul Siubs, e eee 2; and Cente ſima Il, 
which being found, let its Co- arch be doubled, and ealld 4. 57. 


3. You muſt find the correſpondeut Sine to A4; which Si 
being fonnd, you may call S, and then it holds © 
6,2831853) 0,9174532925 4 — 8 (= the Segmoxt require 


OO —— — Wo OO =— — — 


e e ard Solids, 41 


I I ne Or Ons 


a met being thus found if you Subd} it from 
n Uzit, ren abe Co: ſe gent, &co. Kb. ö = 8 | 
Note, Notwithſtanding what has dern aid: in the ſecond Pre- 
pt of th Problem, it very often falls out that the Remainder 
bere ſpolæn of cannot be 815 55 Found in the Table of Natural 
ies; therefore i in this Co Aavice 1s, that you make Two 
perations, one with a Se the next Greater, and one with 
Se the next Læſi ; and iu. ſe. doing you wil he ſure to haus 
Wi: Segment requir” 'd bounded ke fuer the Reſults. of. thoſe 
vo Operations. 


nple, Let it he propos d to find the Correſpondent Segment. 
Toe verſed: Sine 263. 

Firſt, 263 K 0,002 = 0,526, and 1 — 0, 526 =:0,474, its 

cb is 286 29 being Leſs than juſt ; its Complement is 61,71 

lch being doubled” is wt 27 3 OR * 

hen 0174533 A = 2,1 54086288 

8583465560 , The Size of A. 


6,2831853) 1319430686 (o, 209993 the-Sogmert. 
5 Nom I make. 2 ſecond Mor. 
= a bing Multip! with 0,002 is 20506, and 1— 526 = 0,474. 

6 Arch, 18-28 ben greater than juſt; and its, Wear 
61,795, ee doubled is 1234 =4., _ 
en 0,0174533 4 == 2,1537372 

— 08348478 =S the Sine of 4 
6,83 05 30 1,3188894 (0,29907 the Segment. 

So you ſee by theſe Two Operations, that the Segment is bound- 
l, and tis very-probable it may be d, 20995. 
jk abbreyiate this Large Factor, and this Large Diviſor, 
all here inſert TMO Tablets, of them, which will, be ready . 
x Uſe, and Exact enough too. | | 


Diviſor.! . Factor. * Thus far, Mr. Darie, which 1 
16,2832 1 017453301 be — here inſerted to ſhew the 
2,664 2 03482 Learner how, by the Help of 
9,8495 3] [,0523599 | 3|- theſe two Tablets, and a Toble 
5,3274 [,0698132 | 4 of Natural Sines, he may eaſily 
1$31,4159|5|- |,0872665|5] make a Table of Segments, 

37,0991 |6| [,1047197|6|. whoſe Uſe thall be ſhew'd Far- 
:3-9823{7| 1,1221730|7| ther on, viz. when I come to 

50, 2655 8 13962638 treat of Practical Gauging. 

15,5487 {91+ | 1579796 19 In the mean Time I ſhall here 

—— — . hay down another Method 


G88 2 * 
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To find the Area of any Segment of a Circle ( very near) Th 


New Theorem, without the Help either of a Iubis of Si ines or 
Segments, having the fame Data as before in Page: 404. 


L r = the Radius, or Diameter of the given Circle. 
Viz. Lery 4 = theDi ference between the verſed Sine and Radius. 
6 == half the Chord of the Segment 's Baſe. | 


Theoꝛem. . —.— 12 Ho 2 =CS ie ae mesh 


Example, Suppoſe R = B C=16. d= PC = == 10. and 
C=B F= 12,49. 1 
Then 2 1K R 597,3333 1 1 Kd = 213,333 · has 105 
e 13,3333 = 1-7 N 3 
I ERTA = 34) 284,0000 6,3529 | 


Laſt! 5 8,3529 X 1249 = 10 276 the area 101 the Top. 
ment B A G, As n | +3 | * 


THEOREM VIE 


As Squares are to the Area'sof their Inſerib'd Circles, So are pa- 
rallelograms to the Area s of their Inſerib d Ellipſis. 
As the Square of the Diameter of anyCircle: is to its 
5 Area : : So is the Rectangle of the Tranſverſe an 
conjugate Diameters of any Ellipfis to ER 


Demonttration. — 


Circumſcribe any Elli pſis with a Circle ; and ſuppoſe an In finite 
Number of Chord Lines drawn — all parallel to the Cor 
jugate Diameter ; as thoſe in the annex d Figure; then it wil 


As (D A) the Diameter of the Circle: Ie to (Vu) the 
5 


Conjugate Diameter of the Ellipſis:: So is (BaB) an 
Chord 7 iz the Circle: To (hab) its pen Ordinat 
in the Ellip ſis. 

For according to che Property df the circle. . A. 


Bu 


IS Ia X Ta 2 UBA | , B+ * 
y the Property of the Ellipfis © r 
IT: D C::TS—TaxTa : pſi * | \n 
| NO:: TS -A: Pe. 
er "Ne #7 +5 F ab 2 \} ne 
ETC: 2NC:: 2 Ba: 2ba 15 1 
is. DA: Nu: B2 B: bab. 1 I FA 
| 1 -= 2TC, and d = 2 NC F 
O: :: Chord Ba: Ordinate b a B, &c. 


. | apply'd to Superficies and Solids. 413 
But the Sam of an Infinite Series of ſuch Chords, as B a B, 
Vo conſtitute the Area of the Circle, by Definition 3. 
And the Sum of the like Series of their reſpective Ordinates, 
a, do conſtitute the Ellipſis's Area, by Definition 4. 
Therefbre D: :: Circles Area: Ellipſis Area, by Lemma 6. 
But D: :: DD: Dd. Whence it follows, 

at DD :Circle's Area:: Dd: Ellipfis's Aren, Q. E. D. 
Conſequently, As 1: is to 7854 :: fo is the Rectangle, or 
Product of the Tranſverſe, and Conjugate Diameters of any El- 
pfts : To its Area. 
Example, Suppoſe T'S= 36. and VN = 16. Then ou I6=576. 
ad 576 x 0,7854=452,3904 the Area of the Ellipſis. 


Covollaries. 


1. Hence it is eaſy to conceive, that the Square Root of the 
ectargle or Product of the Tranſverſe, and Congueate Diameters, 
ni be the Diameter of a Circle whoſe Area will be Equal to 
e Ellipſis Area. | 

Viz, / 576= 24 the Diameter of a Circle =to the Ellipfſis. 
2. All Segments of an Ellipſis and its Circumſcribing-Cirele, 
W whoſe Baſes are parallel to the Conjugate Diameter, and of the 
me Height ) are in Proportion one to another, as their Baſes are. 
What is, BaB:bab:: Area Segment BNB: Area Segment bb; 
or TS: Nu: : Area Segment BNB : Area Segment Y Nb. 


THEOREM. VII. 


} The Area of every Ellipſis, is a mean Proportional between the 
Areas zts Circumſcribing, aud Inſerib d Circles. 


my ˙· 


The Truth of this Theorem may be eaſily deduc d from the 
WLaſt; for ſuppoſing D =TS, and 

Nn, as before. Then it is al- 
ready prov'd, that DD: D:: Cir- 
unſcribing Circles Area: Ellipfis 
Area. | 


But DD: D:: Dd: d. 


Therefore Ellip fis Area: Inſcrib d 
Circle s Area:: Dd: dd. 
By Theorem 6. 


Erample, Let TS D g= 36. and Nu = d = 16. As before. 
Then DD = 1296. and dd = 256. | | 5 
Tone ha Then 
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Then will 1 1296 8785. = = 10778780 Heere * 
256 T0854 = 22100244 ; +; 
Suppoſe A -the Bllipſts Area. Then, acoording to the The: 
rem, it will be, 10178784: A:: A: 201,6 24. 
EE AA = 10178784 N. 201524 = 204657 rn 
Conſequent! y. J 204657,9740I216:== 452,3994,=\A, the 
Area of the Ellipſis, As before in the Loft Hur e. 


Corollary. 


ve? 


Tf 
Laſt 1 


From hence it follows, that all Sg unge an Ellipfs. and 
its [ſ-r1ib'd Circle, whaſe Baſes are. parallel to the Tranſverſe 
Diameter, aud have the ſame Height, are in Proportion one to 
another as the Area's of the Elli pſis and Circle are. 

1 hat 1s, Area of Circle: Area of E Mis: TS: : Semen b * L : 
Segme Yi 5 N B. 

Or, Nu: TS: : Area Segnent 5 N 5 Area Segment BN N. 


7. H. E OR EN IX. 


' The Solid Cortent: of any Prim (ola Fic igure ſoever its Baſs 

A) is 09t072d by multiplying the 4 ea of ita Bake into its 

Height. 

9 a Parallelopipedex ( or Square Priſm ) is conflis Or 
tuted of an 7ufivite Series of Equal Saaares * 
that of its Baſe B A being one of the Terms, D 1 6 
and its Height D B, or G A, the Number of all ire. 
the News: = - os 8 - 

* Conſequently, the Area of BAA X ABE |" Sire of, 
the Sum all the Series (by Lemua 1.) which . 


is: the Solid ity of the Parallelo Ft 2 . eg | 
by Definition ID. wed re Re. | Era Th 
Fei pete ide Side of a BAea BB CT 4 © 
and the Height DB = 42. + I) Sn pr 
Then will 16 X 16 = 256 be the 5 Th of — 3 e 

Baſe. And 256 X 42 = 10752 the Soon. 4 Lb 5 
teut of the Parallelopipedon DBA. 2 4 
In this Manner you may find the Solidity of all PE 5s Poly #7 


gonzous Priſms, whoſe Baſes (or Eads) So parallel and alike, T) 
what Form ſoever they are of. 


That is, whether their Baſes are Triangles, Pentagon s, He xa. T 
gots, or Cclagons, &c. . 5 | 
AG THEO 


— OA — — — 


14 te Wuptrficies 2#4Solids. 415 
HE OREM Xx. 8 
Prery Pyramid is the Third Part of the Priſu, that hath the 
. ſame Baſe ani Height with it. (7: e. 12.) at 
That is, the Solid Content of the Pyramid BY A, (in the 
Figure) is one Third of its circumſerabing Priſm DGA. 
1 Demonffration. 
For every Pyramid that hath a ſquare Baſ: (as BA ba, inthe 
Figure) is conſtituted oFan'7firite Series of guares, whoſe 
es or Roofs are continually ercrenſing in rithm tit Progreſ- 
Wor, beginning at the Vertex or Pot} (See Phecr, 2) its Baſe 
WA 5 2, being the Great Im, (LL) and its perpendicular 
Wight Vc, e lo ab 
ic D B, is the Niithber af all the Tr. N); but YEE — g 
Ine sum of all the Series, by Lemma 3. and''$ = the Solid Cu- 
nt of the Pyramid BY A, By Definition 13. | 
"Example, Suppoſe the Side of a Pyramrd's Baſe be BA= 16. 
nd its Height be VC = 42. Then 16 x 16 == 256 the Area 
Cg Nan, Ante = o. bea, 
Jor thus, 256 K 23584, is the Solidity of that Pyramid BVA. 
© "Corollary. Ex 4 


% 9 


From hende it will be Eaſy to conceive, that every P yramid 
Wis + of its Circumſcribing Priſm, what Form ſoever its Baſe is 


Irye Solid content of every Cylinder, is obtain d by Multiplying 


For every Right Cylinder is only a round P... maps 


eight BD is 
che Niember of all the Terms. Therefore the 
Lea cf its Baſe B A being multiply d into 
YDB, will be its Sofidity, by Lemma 1. 
Viz. Let Ogg BA, andH = GA. | 
Then 0,7854 DD Xx FH == its Solidity. 


——— ——— — — 


Height 


its Inſcrib d Cylinder, As 1: is to 0,7854- Or in whole Nu 


ders, as the Area's of their Baſes are. 


ces is compos d of the Peripheries of thoſe Circles, by Defini 


and its Height DB is the Number of Terms. Therefore, 84 
As by Lemma 1. 


(or Baſes) the Sum will be the Superficies of the whole Cylznder 


and its Height D B = 42, As before; 
Again, I : 0,7854 :: 16 K 16 = 256: 201,0624 the Are 


775 Thc Arithmetic  Infinites Par? 
| Example, Let the Diameter of its Baſe be D = 16, and its 
== 420” IR. * N N 
Ihen 1: 0,7854: : 16 X 16 = 256: 201,624 the Area of 
its Baſe. 58 ea | 
And 201,0624 X 42 = 8444,6208 the Solid Content of that 
Cylinder DBG As © * inne 


Corollary. | 5 3 
Hence it is evident, that every Square Parallelopipedon is tr 


bers, as 452 : to 355 very near. | 
And — all Priſms — in Proportion to their Ixſcrib d Cyli 


THEOREM XI. 4 


The Curve Superficies of every Right Cylinder is Equal to thi 
Rectangle made of its Height into the Peri pheryof its Baſe. 


That is, D Bmultiply d into the 2 of the Diameter B. 
will produce the Curve Superficies of the Laſt Cylinder DG B A. 

For the Cylinder is conſtituted of an Infinite Series of Equ 
Circles (according to the laſt Theor.) therefore its Curve Superfi 


tion 20. But the Periphery of its Baſe BA is one of the Term 


To which, if there be Added the Area's of both its Ends 


Example, Suppoſe the Diameter of its Baſe to be B A = 16 
Then x : 3,1416 : : 16: 50,2656 the Periphery of its Baſe. 


each End or Baſe. | 
Then 50,2656 X 42 = 2111, 1552 the Curve Superficies 
To which Add 201,0264 X 2 == 402,1248 both the end Are 


The Sum — 2513,2800 is the Superficies c 


the whole Cylinder. 


. THEOREM *XIIL 
Every Cone is the Third Part of a Cylinder, having the ſame BY 
with it, and their Altitudes Equal. (10. e. 12) 


Demon 


oy —: * > 0 


* 


Ma A —_— 


apply'd to Superficies 224 Solids. 477 


Demonſtration. 


The Truth of this Theorem may be eaſily conceivd by only 
conſidering, that a Cone is but around Pyramid, and therefore it 
nuſt needs have the fame Ratio to its circumſeribing Cylinder as 
Wie ſquare Pyramid hath to its circumſcribing Paralleſo pi pedon, 
viz, as I : to 3. However, to make it yet clearer, let it be far 
ther conſider d, that Bay | 
Every Right Cone is conſtituted of an if;- 
mite Series of Circles, whoſe Diameters do 
continually encreaſe in Arithmetick Progreſſion 
beginning at the Vertex or Point V, the Area 
of its Baſe BA being the greateſt Irm, and 
its perpendicular Height / C the Number of 
all the Terms; therefore the Area of the Cir- 
de BAT will be the Sum of all the Se- 
ries, by Lemma 3, which is the Cone s Solidity. © 


Example. Let the Diameter of its Baſe be 
BA == 16, and its Height / C = 42; | : 
Then 1 : 0,7854 :: 16 X 16 == 256 : 201,0624 the Area of the 


%. And 22122924 X42. 28148736 the Solidity of che cone 
"MZ 7 A. Or thus, 201,0624 X —'"2814,8736, Se. 


a - 


Corollary. 
Hence it follows that every ſquare Pyramid is to its iſcrib d 
Cone as 1: 0,7854. (Or as 452: 355 ) Conſequently, that all 


Pyramids have the fame Ratio to their in ſcribd Cones as the Area's 
„H. their Baſes have. 8 


| | THEOREM XIV. 3 
The Curve Su perficies of every Right Cone is equal to half the 
Rectangle of the Periphery of its Baſe into the length of its 
Side. | | | 
The Truth of this Theorem is ſelf- evident from the De fi uiti on 
of a Cone, CHap. 1, Part IV, where it appears that the Curve 
Sa per ficies of every Right Cone (as BY A ) is equal to the Area 
of a Sector of that Circle whoſe-Radius is the Side of the Cone 
(VB) and its Arch equal to the Periphery of the Cone's Baſe 
(B A). But the Area of any Sector is equal to half the Rectangle 
of the Radius into its Arch, by Theorem 4. Therefore, Oc. 
1 H bh Exams 
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Exam ple. Suppoſe the a of the Cone s Side to be 7 B, B, 


or / A = 42,551. 
And the Diameter of its Baſe, viz. B A= 16, As u Kei 


Then will 50,2656 be the Periphery 0 
And e 1674,5553, Be. the Curve of the 


Su * 
To Wah if there be added the Area of i its Baſe, the Sum will 


A 
be the Swperficies of the whole (viz. all the) Cone. 
N 


That is 1074, 5553 
+ 20740 the Aren of the Baſe. 


Sum , 1275,0177 is the total du perſicies, &c. 0 


Note, The Truth of this Theorem may be prov'd from'the P, 
Cor fideration of the laſt Theorem, and Definition . 


f | Scholium. 

From the 10th and-13th Theorems may be eafily deduced ſore 
ral Theorems for finding the ſolid Content of any Fruſtum or Part 
either of a Pyramid or Cone, cut by a Plain parallel to its Baſe. 

* 


Suppoſe a ſquare Pyramid, as B VA, to be A: : wh 
cut by a Plain at a b, parallel to its Baſe 5 A, 815 

and it were requir d to find the Soliaity of the 
Fruſium or Part ab AB; Let there be gi- 


ven 
D = BA the Side of the Greater Baſe, 

a the Side of the Leſſer Baſe. f ( 

H —C P the perpendicular Height. pl — 2 mac 

l 2 H | i 

Firſt, | 1 0 - 4: H:; 4: z =# by the Figure. 14 


Then 2 28 98 ue whole Pyramid B V A. 


By Theorem 10. 


And 314d X }V C= the Pyramid à Y eut off; 
Viz. 1, 214 Ne whole Pyramid BY A. 8 
And 1, 3 5 é — the Pyramid a/ b. | 
5 BD dadH © 3 ” 
4 51 61 3 the Fruſtum ab A B. „ 


6, Reduc.| 21 DD 2 + %%: „ H the Fruſtum 20 AH E 
Which in Words gives this following T heorem. Fruf 


THEC 


—— — — — 


apphy'd to Superficies and Solids. 419 


THEOREM XV. 


I the Rectangle of the Sides of the two Baſes, add the Sum of 
their Squares; that Sum being multiply d into One Third of 
the Fruſtum's Height, will give its Solzdity. 

* Example. Suppoſe the Side of the greater Baſe B 4 16 

And the Side of the leſſer Baſe (or Top) 45 — 12 
The Height EP = 9. | 
Then 16 K 122 192. 16 X 16 = 256. and 12 K 12 =144- 


Next 192 + 256 + 144=592- d- 1776 


or 592 Xx = 1776 the Content of the Fruſtum of a Square 
Pyramid. ED TIE 5 
. And if it were the like Fruſtum of a Right Cone, it may be 
tound by the fame Theorem. Suppoſing D the Diameter of 
Wie greater Baſe, 4 = the Diameter of the leſſer, and H = the 
| Hog of the Fruſtum ; aa, e, SB 
| hen being the Sum of all the Squares which conſtitute the 
Fruſtum of a Square Pyramid, are to the Sum of all the Circles 
which conſtitute the like Fruftum of a right Cone, in the Ratio 
a> 1 to 0,7854 (or of 452: to 355 ) Therefore 
t will be 1: 0,7854 :: DD+ DAL H 0,7854 D D 
+ 0,7854Dd + 0,78544d % F = the Cone's Fruſtum. 
Thar is, in the laſt xample, 1 : 0,7854 *: 1770: 1394,8704. 
be like Fruſtum of a right Cone. 0 
Or, becauſe ,. = 1273236, (5c. Therefore it may be 
made 1, 273236) DD Dd + 4d X 4H (= the fame Fruſtum; 
That is, 1,273236)) 1776 (1394,87, Sc. As before. | 
And if you take the 77iple of this Diviſor, viz. 1,273236 X 3 
t will be 3,8197) DD + Ad + dd: XH (= the Fruſtum, &c. 
ain, 


Suppoſe| 1] x=D — d. And F = the Fruſtum 

Then 21 DD + Dd + dd = 25 by the 7th Step of the laſt 
& 2 3]xx = DD - 2Dd +dgd4 

Me 40 b¹ i — xx 5 


1 


. F 
{ — 3 5194 = — 4K. Or DN 


* H 6 D CT IX: XH F the Fruſtum ab AB. 
Hence we have another Eaſie Theorem for finding the ſame 


uſtum. 
Hhh 2 THE O- 


— — 
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THEOREM XVI. the 


To the Rectangle of the Sides of the two Baſes, add one Third 
part of the Square of their Difference ; that Sum being multi- 
ply'd into the Height, will produce the Solidity. | 


Example. Let D=16, C = 12. and H = 9. As before; 


4X4 =5,3333 


Then Dd = 192. D— Ax. IX & 


And 192 + 6,3333 = 19,3333. 
Laſtly 197,3333 X 9 =1775,9997 the Solidity of the Fruftum 
of the ſquare Pyramid. As before. | 


3 


And 3,81968) 1775,9997 (1394,87, Sc. the like Fruſtum of a ſr: 
Right Cone. A A a 4 , 15 | 1 
Either of the two laſt Theorems (being rightly apply d wing 
produce the true Solid Content of all Fruſiums of any kind of y 
ramids, that are intercepted between two parallel and alike Plazr * 


or Baſes: As above. ME | 
But i ſuch Fruſtums are cut through the Exttemities of bott 
Baſes by a Diagonal Plain (as Ah in th? 
annexed Figure) into two parts, 4 4 
and A BE, call'd Hoofs ; then the Soli- 
dity of thoſe Hoofs is uſually found by 
dividing the middle Term Dd of the 
Agquation DD + Dd + dd into Two 
parts, and adding one of thoſe parts to the 
Square of each Baſe. IP 


| | D 
4 hus, DD + Dad: X 5 H = the Great Hoof ABB. Mo 
And dd +; Dd: X; H= the Le ſſer Hoof Aab of the 
Fruſtum of any ſquare Pyramid. d 
Then 3, 8 19%) DD+: Dd: XH (the Greater Hoof of a Cone 
And 3, 819% dd : Dd: XH (the Leſſer Hoof, &c. 
Theſe are the Theorems made uſe of by Mr. Darie, in his Bool ; 


of Caugio g, and are pretty near the Truth, but not exact ſo; fo 
they give the Solidity of the upper Hoof A a a ſmall matter te 
big, and the lower Hoof 4 Bh as much too little. 5 
Now, in order to rectifie that ſmall Error, I ſhall here prop! 
the two following Theorems, which come very near the Trut 
and are more eaſily perform'd than thoſe propos d in the firſt I 


pr Q on of this Book. Fir 


— — j ; — — En ; 
apply'd to Superficies and Solids, 421 
Firſt, DD +4D4-+D— d: Xx ZH will be the Sol:dity of 
the Greater Hoof A BB. 8 i 
8 Secondly, 4d +1 D4 +4 — D: XI 1 will give the Soli- 
dity of the Leſſer Hoof A ab, of the Fruſtum of any ſquare Py 


mid. 


15 for the like Floof's of the Fruſtum of any Right Cone, it 
will js 

Thus, 3,8 19) DD DAT D-: X + H(=the greater Hoof. 
And 3,8197) f D d- D: X; H(=the leſſer Hoof. 


Note, In order to avoid many Words in the following Demon- 
trations, let © fignifie any Circle in general; and if any two Let- 
ers be joyn d to it, thus, © B A, &c. it then denotes the Area 
J ſuch a Circle as thoſe two Letters repreſent the Radius of. 


THEOREM XvVIL 


ö The Superficies of every Sphere (or Globe) is equal to four times 
8 the Area of its Greateſt Circle. 


That is, of a Circle whoſe Diameter is the Axis of the Sphere. 
Demonftration. 

If any Semicircle (as ATG S be turn d or mov'd about its 
Diameter (TS) it will deſcribe a ſolid Body call'd a Sphere, which 
will be conſtituted of an infinite ſeries of 8 
roncentrick or parallel Circles, whoſe 
Diameters are Chords, viz. © ab, © ed, 
© ef, &c. by Definition 14. | 

Conſequently, the Super ficies of the 
Sphere will be compos'd of the Periphe- 
rie of thoſe Circles which conſtitute its 
Solidity. . By Definition 20. 

Let D TS, the Axis of any Sphere. 
Then, according to the Property of a a 
Circle, ir 

will be 


deſ iN -T x Th U 
That is, 2 DXTY UTA 

Therefore 315 KT = maT. For A + OT6h aT 
And [BRIE wg aw 


Hence 


| 
| 
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Sum of all the Circles Peripheries between F and 5 bs 


multiply'd with P irs Height 


Fieres of the cylinder will be to that of the Sphere in the Propor- 


be eaſie to find the curve Super fictes of any Segment or Part of a 


it will be G a+ + © Tb = 
ment. 28 


0 


Hence tis evident, that the Serzes aH Her, Oo 7D, Kr. 
are in the ſame Ratio with T, T d, F/, &c. viz, in Arith. 
metick Progreſron. Whence it follows, that the © @ T the 


And © IT the Sum of all the Circle's Peripheries betw 
Tand &, &c. 3 

Conſequently, that the © 4 7 = the Sum of all the Cirele 
Peripheries included between T and C; that is, © AT- the 
Swp-r ficies of the Semi-ſphere. WOE 

And becauſe AC H＋ UTC NAI and AC = 
Therefore © A T'= 2 ® AC is the Superficies of the Hemi - ſphere 
Conſequently, 4 © AC will be the Superficies of the whole 


Sphere. Q. E. D. 


Example. Suppoſe the Axis S D 16. Then DD=z256 
And 1: 0,7854 :: 256: 201,624 AC. For 40 40 
F- = 201,624 K 4 = 804,2496, the S#perficies of the whole 
| re. | * . 5 n | | 
= becauſe 3,1416 is four times 0,7854, therefore it will al 
ways be 1: 3,1410:: DD: 3,1416DD the Swperficres of the 
Sph-re (as before); and it's equal to the Curve Superficies of 2 
Right Cylinder, whoſe Diameter and Height are each — D the 
=_ of the 2 — 5 = wn 
For 3, 1410 = the Perip the ( Minder's Baſe, and that 
PP: be 314160 D the Curve Str 
perficies of the Cylinder, by Theorem 12. 
Aud if to this there be added the Area of its two Baſes, ( 
Eds ) viz. 1,5708D P, then tis evident, that the whole Supe 


Ev 


non of 3 to 2. | 
Scholium, = | 
From the Method here uſed in proving the laſt Theorem wil 
Sphere that is cut off by a Rignt-line or Plain, viz. ſuch as the 


Segment a Tin in the laſt Scheme, whoſe curve Super ficies is 


e (as above ). Therefore A e Dab>+ nT+ -- Ha 
the curve Super cis of that Seg- 


But if the Axis T S, and Height T b, of the Segment are given, Wt 
then it will beTSX Th = Q 4T; as in the Third Step above. 


Which gives this Proportion or Theorem; T 


apply'd to Superücieg 2 Solids. 423 
As the Axis of the Sphere: Is to the whole Superficies, of 
"Viz. 3 the Sphere :: So is the Height of any Segment: To 7ts 

curve Superficies, r 
To which if there be added the Area of the Segment's Baſe, 
he Sum will be the Superficies of the whole Segment. 


T HE O RE M XVII. . 

Every Sphere is equal to two thirds of is circumſeritirg Cylinder. 

That is, of a Cylinder whoſe Height and Diameter of its Baſe 
re each equal to the Axis of the Sphere. . | 


Demonſtration. 
According to the Work in the laſt Theorem it appears, that 
0 ab, © ed, yf,&c. do conſtitute the | 
lidiry of the Sphere; and. that i 2 7: 

0 eT, QD &c. are a ſeries of Terms a 
Wn 4r2thmetickProgreffion, ATbeing % 
he greateſt Term, and TC the Number Y[— 

fTerms ; Therefore GAT XTC AF 8 


- the Sum of all the Series, per Lem- 
la 2. N 

And becauſe 4 T— NT Y ab, | 
Je T UTA Sed, OyT-ODNf= | 
yd, DOAT-OTC =: NAC, &. | 
wherein OT, UTA, IV, c. are Series of Squares whoſe Roots 
Ib, Ta, Tf, are in Arithmetick Progreſſion, N TC being the 
| eateſt Term, and T'C the Number of Terms; Therefore | 
6 TC X; TC = the Sum of all chat Series, per Lemma 3. 

Conſequently, @AT Xi7C:—@OTCX TC S the Sum 
if the Series © ab, Oed, © , &c. which conſtitute the Solidity 
of the halt-SphereA T G. Pur D 2 TC the Axis of the Sphere, 
Then DS TC, and-4D= TC. And becauſe AT = 2TC, 
therefore IA T= 2 OTC =, 5708 DD. And 1, 5708 DD X ; D 
= 0,3927DDD. Ore 
Again, © TC X 3TC =037854DD N D — 0;1309DDD. 
eMT ben 0,3927DDD — 0,1 309DDD = 0,2618DDD the 'Soliclity of 
i the Sem-ſphere A TG. | 
""WConſequently, 9,2648DDD X 2 = 0,5236DDD will be the oe 
Content of the whole Sphere, which is equal to two Thirds 

the Cylinder whoſe Diameter of its Baſe and Height = D. 
„For 0,7854DDD = the Solidity of the Cylinder, by Theorem 11, 
e. but 2 of 9,7854PDD = 0,5236DDD; as before. 
Therefore, Sc. as by Theorem. | 

z. Exam- 


— — —— | —d— —— — 
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Example. Suppoſe the Axis D t6, then DDD — 4096, and 
x 20,5236 : : 4096: 2144,6656 the ſolid Content of that Sphere, 


18 


Corollaries. 


1. Hence it appears, that the ſolid Content of every Sphere is 

equal to its Superficies multiply d into one Sixth part of its Axis. 
For its Superficies is 3,1416DD, by Theorem 17. 

But 3,1416 X 4D = 0,5236DDD the ſolid Content, as before 


a >, qv > oC ©) ha 


2. And hence tis alſo evident, that there is the like Ratio o 
Habirude between the Cube and its inſcrib d Sphere, as is betwixt 
the Square and its inſcrib d Circle; and that is, As the Supe 
cies of any Cube: Is to the Superficies of its Inſcrib'd Sphere: 
So is the Solid Content of that Cube: To the Solid Content of 
the Sphere. [ See the Circle's Proportion, page 407.] 

For if D = the Side of the Cube, then 6 D O —its Superficies 
and DDD S its Solidity; and 3, 14160 D = the Sphere's Super 
ficies. But 6DD : 3,1416 DD:: DDD : o, 5236D DD the Solid 
of the Sphere; 22 = 5 


6 


i AX TN 


| Scholium. 


From the Proof of this Theorem twill be eafie to deduce 0 
raiſe Theorems for finding the Solid Content of any Fruſtum 0 
Segment of a Spbere ; as a Tm in the laſt Figure. 
For we there ſuppoſe the Segment a Tm to be conſtituted of a 
?rfiuite ſeries of Circles, which have the ſame Ratio with all tho 
Circles that conſtitute the Semi-ſphere. 
Therefore it follows, that @ at X 1 Tb: — ©b6T X+T IW 
be the Sum of all the Circles intercepted between Tand h. Co 
ſequently twill be the Solidity of that Segment. 

And becauſe a TNT QaT: Therefore 
O AE OTN TB: - OTB 15 the ſame Salidit 
Let c = a& half the Segments Baſe; H= TU its Height; a 


S == the So/zdity of the Segment or Fruſtum : | 
Then © ab = 3,1416cc, and © TB = 3, 141650. 


| 6 | | ( 
Conſequently, 3-1416cch + 3,141 6bþb 2,1416Þbh 2 


| . - ® - ' | 3 
which being reduced, will become 3cch + hbh x 0,5236 =S. 


Or 1, 999855) zech -bbh( = S. For 0,5236) 1, oo00 (1,90985 
which is one Theorem for finding the Fruſtum's Solidit 5. 


Not 


| #717 to Superficies and Soltds- 42; 
— — — nnn 123 5 TR 


d Note, Here we ſuppoſe. the Height of the Segment, and the 

Diameter of its Baſe to be given; but if the Axis of rhie Sphere, 
and the Height of*the 'Segment be given, then putting D = the 
Sphere's Axis, 4+ = the Segment's Height, and c as before, twill 

„be D- X.b==cc, viz. Db — bh =cc. 

Therefore 3D bb — 2bbh =3cch + hhh.. -. 

Conſequ. 3Dhh —2 hhh X0,5236== 5 the Fruſtum's Solidity. 

Or 1,90985) 3 DHH — 2þhhh(=8S. As before. 

Which is a ſecond Theorem for finding the ſame Fruſtum a Tm. 


And if it be requir d to find the middle Part a m NK, uſually 
1 he 


call'd the middle Zone of a Sphere, then 
becauſe tis ſuppos'd. that a m NH, or 
which is all one, that C B, there- 
fore it is plain, that if twice the Segment 2 
a Tin be taken from the Solidity of the _ . .. 
whole Sphere, there will remain the mid- „ LI 
dle Zone a m NA. r 

But becauſe that Work is a little trou- 


bleſome, I ſhall here ſhew how-to xaiſe a N CET 
Theorem for the doing it. Fa S 


Firſt, Becauſe 4 C = c Seca 6 TC. Therefore it 
will be HAC — H = N. LAC - n = Ded. 


7 0 
ener —K4—3** * ene 
* F 


Ac — c == (Fab, &c. 

| Here becauſe AC. HAC. HA, &c. are a Series of E- 
quals, and C the Number of all the Terms, therefore ACCU 
— the Sum of all that Series, by Lemma 1. | 

And CF. OC. c b. &c. being a Series of Squares whoſe 
199 Roots are in Arithmetick Progreſſon, beginning at the Centre or 
Point C, viz. o, C, C d, CB, &c. wherein the greateſt Term is 


. % 


Dc, and Number of Terms is CB. Ego CHC the 
Sum of all the Series, by Lemma 3. | 
7 Conſequently, the ©DACX Ch: — ©Cb x ; C4 = the Sum 
of of all the Series, O) F. Oed. Oa b, &c. which do conſtitute 
the Solidity of the haf. Zone am A G. 


And becauſe AC — ACh=ab. Ego © 4C—@ab= Och. 
Conf. ©ACXCb: — SEO = 2=2@AC + Oab: x3 
will be the Solidity of the half-Zore, 
| Put D AC 240. x am. and H B= 2 C6. 
Then © 4C = 0,7854DD . © ab = 0,78 41x. And if 


we turn the common Factor 0,7854 Nr the Diviſor 1, 27323 
; hs ; | 1 1 i . and 


7 , . OY Ur —„— 2 — 4 
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— 
and then take trip le of that Diviſor, vize 25 97 7 as before in 


the Fruftums of Pyranids 1 Bal oſt We 0 e Wock 
will produce this following 1 


- CoD WY the. wide Zone | 
THEOR. TO x=. Di F 
THE OR * M XX. 


Spheres are in Proportion ore to another as the Cubes ＋ ] 
their Hiameters. (18. e. 12.) ; 


© 3 
— 


D 


N | Dejnbnſration. 

Suppoſe D — the Diamꝰ ter or Axis of any Sphere, and te 
Diameter of another Sphzy#, either greater or leſſor. c 

Then is 0,5236DDD' = the Sofrdity of one Sphere, and 

'©,5236ddd = the Solidify or the other Sphere, by Theorehh 18; 

but DDD : ddd : : 0,5236 DDD: 0,5236, Q. E. D 


THEOREM XXI. o 


The olid Content of every Spheraqid 7s equal to To thirds - 
/ of its 3 — n 5 


Demonttration. | 

ppoſe the Figure NTS M in the annex d Scheme, to ie C 
= 2 Spheroid, form'd by the Rotation of the Semi- Ellipſis 
TVS, about its T ranſoerſe Axis TS, (as by Definition 15.) 


In D=TS, the Length of the $pheroid, and the Axis of its 
circumſcribing $ rphere ; and d Nn, the Diameter of the Ses 
teft Circle of the $ pheroid. 

1 hen becauſe TC: ONC:: AH: Lab, by Step z in Theor 
Therefore it will be DD: dd: : DAb: Ua: : OA: Oa , &. N 


But the Sum of an Infinite Series of 
ſuch Circles as © Ab, (whoſe Diameters 
are Chords) do conflitute the Solidity of. 25 a 
the Sphere, (as before at Theorem 18) 
and the Sum of an infinite ſeries of fuch 8 
8 as @ab (viz. whoſe Diameters = | © 
are Ordinates of the Ellipfes) do conſtil- 
cute the Solidity of the Spheroid, by De- i 
finition 15, 79, 
Ego DD: dd: 0,5236DDD : 0,52364d4D 
= wa, Solidity a1 the Sphercid, by Lemma 6. 


71141 ſhuperlicies and Solids. 427 
| Bur 0,5 236 of the cylinder whoſe Diameter is — d, 
| and Height — D, by. Theorem 11. Q. E. D. 
Nou from this Proportion between the Sphere and its inſcrib d 
Spheroid, twill be very eaſie to deduce Theorems for finding the 
Solid Content either of the Segment or Middle Zone of any Sphee 
r0:, having the ſame Height with that of the Sphere, 


'  C As the Solidity of the whole Sphere : Is to the Solidity of 
For < the whole Spheroid :: So is any 27 of the Sphere : To 
- the like part of the Spheroid, by Converſe to Lemma 6. 


As for inſtance; Suppoſe it were requir'd to find the Middle 
Zone of any-Spheroid:s + | | 
as in Theorem 19; and let c 4 m. f 
g Then g 4. X H =the Middle Zone of the Sphere. And 
„„ : SgGES7, . | 
2DD+xx H: 2 x x dd x H 
| 3-8197 3781975 


Again, DD: dd:: xx: cc. Therefore CESS ee. 


DD 
xx dd H cc | . * 
"DD. 3797 3,7197 © nn 


x x d d x H 1 a 
3519755 there will 0 this following 

a Su2dd+cic ; the midd. Zone 
ö THEOREM I. 7 xH=4 of the Spheroid 
741 being the very ſame with Theorem 19. 


6 Conſequently, 


- 


ken inſtead of 


Note, In the ſame manner you may raiſe Theorems for finding 
the Segment of a'Spheroid, cut off either of its Ends, &c. 
/ We: | 
THEOREM XXIII. 


The Area of every Parabola is Equal to To Third of its 
Circumſcribing Parallelogram. 


F 
dT Th 


Demonffrafion. 

Let the Figure 8 A B repreſent half a Parabola; make DB 
parallel to the Axis S 4, and Sd parallel to the . Semi-Qrdi- 
vate 4 B. And ſuppoſe $4 to be divided into an ixſixite 

e Series 
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Series of Eguidiſtant Points, as , g, Þ, &c-apd from thoſe Points 
imagine a Series of parallel Fines, viz. Fin, gn, bp, &c. to 
touch the Carve of the Parabola, and meet the Semi- ordinates 
ma, e, y p, Kc. 1 2 bab. „d 1 ; 44 

Then, according to the Property of the Parnbola, it will 


5 84 UAB: :S a: an % 18 IIR. A 
be 2 SA: UAB: : Se: Le N . 
38S A: AB:: S: y, ce. 


But] |Sa=fm.Se=gn.Sy==hp.SA BB 
I Therefore alternately it will be 
2, 40 4B: 4 B:: y: 

| 8 4B: 5: HU: SRL : 
1, [61Q AB:4B:: Nan: f m, &. f 


In theſe Proportions U a m. U en, O yÞ, &c, are a ſeries 
of, Squares whoſe Roots Sf, Sg, Sh, &c. are in Arithmetict 
 Pregreſfon, beginning at the Point &. And becauſe the Lines 
h p, gn, Fm, &c. have the ſame Ratio, therefore they are as 
ſuch a ſeries of Squares, wherein d Bis the Greateſt Term, and 
Sd the Number of Terms, , | 
Conſequently 2 ke Sun of all thoſe Lines, by Lemma 3; 


SAxAB 


nevepeverenypprenavt 


co 


But $4 XAB—=d BXS$4d. Therefore = the Sum 


of all that ies of Lines; but all thoſe Lines do conſtitute the 
Area of the Semi-Paratola's Complement, viz. the Area of what 
Half the Parabola wants of compleating or filling up the Paralle- 
legran Sd A B. . e 

SA x A3 


Wherefore S AAB: — SAN AB. — will be the 


3 
Area of half the Parabola & A B. 1 5 
Conſequently,; SA KB will be the Area of the whole 
Paralola b S B. Q. E. D. my 


Example. Suppoſe the Baſe, or greateſt Ordinate, of a Para- 
70/ato be g — 24, and its intercepted Diameter (or Axis) be 
Si D 33; Ihen 2SAxFB =66 x 24 = 1584. and 3) 1584 
(5:8 the Area of that Paratola, 


THEOREM. XXIV. 


Ever) Parctkolick Conoid is equal to one holf of its Circum- 
ſcribixg Cylinder. 
wy Demon. 


* 
* 


E 


3 


74189 5 4K p 4” * — thr, 
Z to Superficies ad Solids. 42.9 


= ITO. 5 Demon tration. WJ” | 
If any Semi-Parabola (as BS A) be turn d or moy d about its 
Axis, (S A) *ewill form a Solid Parabolic Congid, conſtituted of 
an iafiite Series of Circles, viz. © b a, © f e,© gy&cby Defin.17. 
| Now, according to the Property of every Parabola, it will be, 
$A: AB::AB . the Latus Rectum. 
a  FCSaxL= U J 8 
= eg FES VL 14 
— ö SyXL=0 gy „ 
Here Sa XL, Is I, Sy * L, &. 
are a Series of Terms in Arithmerick Progre © ne 
hon ; Therefore (75 4a, e, g c. are 
alſo a Series of Terms in the fame Progreſ= JO 
ſton, beginning at the Point S, wherein AB BBL 1 
1s the greateſt Term, aànd & Athe Number of . 
all the Terms. Therefore f1 A BY 5 SA = the Sum of all the 
Series, by Lemma 2c. 0 i on | 
Conſequently, ® AB X 3S 4 = the. Sum of all the Series of 
Fe, © gy, &c. which do conſtitute the Solidity of 


OB a, © 
the Conoid. | n 
And putting D 2 A B, and H=SA, | 
Then 0,7854DD x: H= 0,3927DDH will be the $9lid (on- 
tent of the Conord; which is juſt half the Cylinder whoſe Baſe =D 
and Height —= H. [ See Theorem 11. ] Q. E. D. 


This being underſtood, twill be eaſie to raiſe a Theorem for 
finding the lower Fruſtum of any Parabolick Conoid. 

For, ſuppoſing h= a A the Height of the Fruſtum, and pa 
the Height of the Part & $ þ cut off; Then þ + p7 =S A, the 
Height of the whole Conoid. | 


Conſequently, . © 4BX? = the Solidity of the 
whole Conoid. if 8 


And 2 7 the Solidity of the Part cut * 
1 OARxv— Oban E 


2 
the Solidity of the Fruſtum. 


Ego 


But A: AB: :p: Aba 
3 


1 


W 
*% 


Conſeq. 


b+P:® AB: :p: ©ba 1 
2 : 


OABXpP=ObaxXh+@aXxp "A... 


— II ES 
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4—©baxp 5 © AB xp: —©Faxp—=@baxh ” 


4 x 2|6|0 AB*hþ:+0ABxp: — Oba p=þ 
6 — SHIQ@OABxb =2F:—  Obaxk . 
7+ 0ba% SS ABN + @baxb=2Þ. b 


* 
— 


8 [9 ůͤ . 2 5 1 be Fran Si 
Let D = as before; and 4= 2 a, the eter of 
the P *,, | Then we thll we that have Cas fling -"E.1 


O 927DD + 852 274d: M = the 
THEOREM XXV. 4% 3 idity Bru fm Negurd 
Db ad 


— * =the Frofuun; for e 100 (25566 

"25464 55 
And becauſe 2,54 e = 3196 Therefore i it ma) 
be made 3,8196 ) DD. + a: x 2 the fame Fruſhinis &a 


Nate , The R eaſon do I have veduted this Theorem to * | 
the fame Diviſor with thoſe at the Fruſtums of Pyr 
mids, &c. will beſt ap + jw Fart her an, viz. whenth 
all come to be apply to ahambandene +» 


- ” * 7 


THEOREM XXVI. 


7 Parabolick 8 tle (or Pyramidoid) 15 ang 
* Fificeni. 5 of its circumſcribing ( (ae Hes " * 


Demonſtration, 

If any Acute Parabola, as bS B, be turn d or i about i its 
greateſt Ordinate Þ A B, it will form a Solid call d a Parabolich 
Spizd/e, oonſtituted of an infinite ſeries of © ma, © ne, Op 7 
&c. by Definition 18. 
Leet us ſuppoſe the Line 8 4 parallel ta A B, &c. (as at Theo 
rem 23) then it hath already been prov'd, chat the Lines fm 
g 2, h p, &c. are a ſeries of Squares whoſe Roots are in Avith t 
metick Progreſſion : Conſequently their Equares, viz, U DJ n 
J, 0 p, &. will be a Series | 
of viquadrats, whoſe Roots will be 
ur Arithmetick Progre fon ; which 
being premis d. we may proceed thus. 


11S4A fm—ma 
Fir, | 


2[ SA — gz —ne 
3154 = p =P, &c. 


ppl to Duperfletes and Sdlids. 43 1 


1 & 214 EE. 1 n 
2 & 2 by nn NCT n 
U 216] O84 - Dy B= y, &c. 


1. In theſe # 2 the OSA, 484. $A being a ſeries of 
Equals, and 4 umbes of all the Terms ; Therefore it will 


1 be OSA XxX AB = =" Sev Serie, by Lemma 1. 


2. Becauſe fm, g , &c. are as a Series of $ res IS 
in 2 is * reateft 755 V and 4 I the amber of all the Terms; 
28dxXSAXAB_ — —. 453 


— vin be che Sn of 
3 y Erkale | 


And the oO fm.no X.. 17 i de a rte er 
*r the Ratio of De ; 12 ve, OZ B=OGSA 


ing the greateſt Term and A B the Nin aber of all the Terms; 
herefare it will be 2 5 2 = che Sum ok all the Series, 
8 by Lemma 5. f n , » SW3-W=ii i 

Whence it follows, that DOSAXAB— 7 
= the Sum of all the ſeries of Q ma, Oz? Up, &c. 


That is, n ne 


QO e. 0 hp. QB. &c. | : 
Corifequently, . e Sw of all RE of 
Pes. ©ne.O py. . which Go configs the Solidity of 


Pu =28 A Hz 2:4 viz. 5 4 
t will-be o, 4 e the Solidity of the — * Unis 79 
pindte + 3 B, being 2 ? of e the Selidiry of in Cix- 
wribing Cylinder. 136! 


1 Pe bene we e a Theorem for finding the Fr 


wm 8 4 p y of the aft Figure. 
For g © $ A being the greateſt Term, G the eat Term, nnd. 


y the Number 4 all the Terms or Circles included between 
4 and y, 


2S4x Ep. 3 
meet R 5 Ly aa 
of ll the Series 01.5 AHR , Op. 
1 3 3 | 2 3054—-284xbp+ 3922, * 45231 
22 245 


_2084%49 Ds 


SCF ˙ „ 


the Philoſoph. Tranſact. Numb. 34. wherein he may find 


— — — ___ 
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— 4 


=] N Ds 75 72 2 
— | 4084 — 284 K =- By 6th Step. 


gn ——Y JE 2084+ tz 45 D ο ? #3 75 6 


5 —&c.1 6 284 ＋ U Y 70 = 3.2 


Conſeq. | 75120844 7 10 bp: 78141 the 
Sum of all the Series of O SA. Ona. Ge. Op. Which 
do conſtitute the Solidity of the Fruſtum S Ap y. Therefore 
putting D== 25A (as before) C=2py, x = 2þp, and i EY 
it will be ed + ee X; == tht 
Fruſtum SAp y. And if we make L= 2H, : 
Ihen 1,5708 DD, -+ 0,7854CC —0,31416 xx: 1 L=the 
Double of chat Fruſtum, being the middle Zone. 2 turn 
theſe Factors into one common Diviſor, as in che Fru flum 0 
the Conoid at Theorem 25, page 430, there will ariſe this chor 
ing Theres. 


THEOREM XXVII. 


3.8196) 2D D 4CC— O Axx: XI. ( 911. 
4 the middle Zone of a Parabolick Spindle. | 


Tt may be here expected that I ſhould now proceed to ſhew hon 
the Area of any Hyperbola, and the Cont tents of ſuch Solids : 
may be form'd by the Rotatior of that Figure about its wen 
may be found; but becauſe thoſe Things cannot be exactly 
form'd by any certain or ſettled Theorems, as theſe of the C 2 
Ellipſis, Joo Parabola have been, I have therefore omitted ther 
and refer the Reader to Dr. W2llis's Algebra, Chap. go, &c. or t 


pa _— te pops reps fon Wh FY, — tend et ke 


4 


Method of forming Infinite Series relating to the ſquaring of: 
- Hyperbola, &c. which are too tedious to - ST 'y Ne Lan 
demonſtrated in this ſmall Tract, it being only intended as an Ir 
Troduttion, the which I ſhall here canal "5 40 
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APPENDIX 

. e rd 
Practical Gauging. 


HE Art of Gangirg is that Branch of the Mat hematicſs 
T call d Stereome try, or the Meaſuring of Solids, becauſe the 
_ Capacities or Contents of all forts. of /s uſed for Li- 
quors, &c. are computed as tho? they were really ſolid Bodies; 
which any one that hath made himſelf Maſter of the *foregoing 
Parts of this Treatiſe may eaſily underſtand, without any farther 
Directions. n Seat | 
However, becauſe tis not to be ſuppos'd that every one who 
detigns to undertake the Office or Imploy.nent of a Ganger, hath 
ah ſo great a progreſs in Mathematical Learnirg. | have there- 
fore preſented the young Gauger with this Appendix, wherein I 
have only inſerted ſuch Rules as are uſeful in Gargirg, and have 
been already demonſtrated in this Treatiſe. But herein, I pre- 
ſuppoſe that he hath acquir'd (or if not, "tis very neceſſary 
ſhould acquire ) a competent Knowledg: both in Arithmetick and 
Geometry: That is, e 
I. In Arithmeticꝶ he ſhould underſtand the principal Rules very 
well, eſpecially Multiplication and Diviſion, both in whole Num- 
bers and Decimal parts, (which may be en ſily learnt out of the 
24, 3d, and 5th Chapters of Part 1.) that ſo he may be ready at 
computing the Contents of any Veſſel, and caſſing vp his Gauges 
by the Pez only, viz. without the help of thoſe Lines of Num- 
bers upon Slidirg-Rules, fo much applanded, and but roo much 
practis d, which at beſt do but help to Gaeſs at the Truth : I mean 
ſuch Pock2t-Rxles as are but nine Inches (or a Foot) long, whoſe 
Radius of the double Line of Numbers is not fix Inches; and 
therefore the Graduations or Diviſions of thoſe Lines are fo very 
cloſe, that they cannot be well diſtinguith'd. . I is true, when the 
Rules are made Two or Three Foot long, (I had one of fix Foot) 
then they may be of ſome Uſe, eſpecially in ſmall Numbers; al- 
tho' even then the Operations may be much better (and almoſt as 
ſoon) done by the Pex : For indeed, the chief Uſe of Sliding- 
Rules is only in taking of Dimenſions, and for that purpoſe they 
are very convenient. | 1225 ö 
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II. In Geometry the Gauger ſhould underſtand not only how to 
take Dimen ſious, (which is beff learut by Practice) but alſo how 
to divide any irregvlar Figure or Superfſcies, as Brewets Backs or 
Coolers, &c. into the eaſieſt and feweſt regulax Figurgs rhey will 
admit of, that fo their Area's may be truly computed with the 
leaſt Trouble. And this may be learn'd (with a little care and 
diligence) out of the 1it, ad, and 5th Chapters of Part III, which 
the Gauger ſhould be well acquainted with. Alſo he ought to have 
ſo much Skill in Solids, as to be able, even at fighr, (but this muſt 
be acquir d by Experience) to determine what fort of Figure any 
Veuel is of, (viz, any Tun, or cloſe Cask) or. what Figure it may 
be beſt reduced to, fo that its Dimer ſions may be truly taken, 
and the Content thereof computed with the leaft Error, I fa, 
with the leaſt Error, becauſe tis very difficult, if not impoſſible, 
to do it exactly; for there is not any Tun or Caſk, Sc. fo regularly 
made as by the Rules of Art tis requir'd to be. A 
III. Eeſides the aforemention d, the 0% g Ganger muſt know, 
that all Dime n ſion s uſeful in Gauging are to be taken in Inches, 
and Decimal parts of an Inch; and if they are taken in any other 
Meaſures, as Feet, Yards, Sc. thoſe 9 muſt be reduced to 
Inches, ( ſee Sect. 4, pag. 42) becauſe the Contents of all forts of 
Veſſels (taten notice of in Gaugirg) are computed by the Stan- 
dard Galicn of its Kind, whoſe Content is nom to be a certain 
Number of Cubick Inches: That is, the B2er or Ale Gallon con- 
tains 282, the I ine 231, and the Corn Gallon 268,8 Cubick In- 
ches. [See the five Tatles, &c. in Page 34, 35, 36, which I here 
ſuppoſe the Gauger to have learnt perfectly, by heart.] Conſe- 
quently, if either the Superficial or Solid Content of any Veſſel, as 
Back, Tun, Cask, &c. be ance computed in Cubick Inches, twill be 
eaſie to know how many Gallons, either of Ale, Wiue, or Corn, 
that Veſſel will hold. 1 _-_ | 
_ Note, I have here ſaid, the Superficial Content in Cubick Inches, 
which may ſeem to be very improper, according to the Definition 
given of a Super ficies in Page 279; but you muſt know, that in 
the Buſineſs of Gauging, all Swperficzes or Area's are always un- 
derſtood to be oze Iuch deep, otherwiſe it could not be ſaid ( as 
in the Gaug ers Lar g4vg2 it is) that the Area of ſuch a Back, or 
cf ſuch Circle, Sc. ts to many Gallors. r 
Theſe things being very well underſtood, the yourg Ga¹ẽE¹ will 
be ficly prepar d to undetſtand the following Frotlews, wich are 

ſuch as have (70/t of them) been already propos d in the *faregoing 
| Parts of this I reatife, and o/. are here apply d to Practice; aud 
therefore I ſhall, for Brevity 's take, often reter to thoſe Theorems 
and Probleins. . dect. 
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Seck. 1. To Nr the Area of any right-lined Superficies in Gallons, 


5 R 0 B LE M I. 
T he the * of any ſquare Tun, Back, or Cooler, Sr. eit her 
4041 lis. i Ale, Wine, or Corn Gallons. 


C Multi ply the given Lengthor -Breadrh (being here owl) 
R le. to itſelf, and the Produtt will be t h- Ara enlnuches; 
* u 1 — diyude:that Area by 282, or 231, or 268, 8 and 
the Quotient will be th: requir d. 


Erample. ' Suppoſe the Side of a ſquare Tun, Back, or Cooler 
be 124,5 , dy what will its Area be in Gallons > 
Firſt 12435 K 124,5 = 15500, 25 the Area in Inches. 
Then. 282) 15500, 25 (54.96, Sr. the Area in Ale Gallons. 
And 231) 15500, 25 ( 76,10, Sc. the Area in Wine Gallons. 
Or 268,8) 15500,25 (57,56, Gr. the Arra in Corn Gallons. 
0 But if any one would rather work by Multi plication than by Di- 
if viſroz, he may turn or change any Diviſor into a Mult iplicator, if 
he divide Unity, or x, by that Diviſor. (Vide Probl. 3, pag. 402.) 
Thus 282) 1,000000 (, 03546 the Multiplicator for Ale Gallons 
„And 231) 1,055999,(2,004329 the Multiplicator for /. Gallong. 
Or 268,8) 1,000000 (0,903722 the Multiplicator for C. Gallons. 
8 
e 


"WY, — „ — . % — 2 — ww ©” 


3 
— 


— 


Conſequently 15500, 25 X 0,0035646 == 5496, Oe. the Area | 
Ale Gallons ; as before. And ſo an tor the . i 


PROBLEM. ; 


To find the Area of ay Tun, Back, or Cooler i» the form 1 
a Right-angled Parallelogram) in Ale Gallons, &, 


4 See the Rule for finding its Area in Irc hes, at Probl. 1, p. ac 39» 
then either divide (or multiply) that Area, as above, and} you will 
have the Area ip Gallons. 


Example. Suppoſe the Lergth of 2 Brewer 8 Tun, Back, & 
Cooler be 217,5 Inches, and its Breadth 85,9 Inches, what will 
its Aren be in Ale or BeerGallons, Gc s | 


Firſt 217,5 X 85,6 = 18648. Then 282) 18648 (66,1 2, {Fo 
Or u * 0,093546 = 66,12, Sc. the Area requir'd, Ge. 
IN Kk k 2 PRO- 


— 
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P ROB LE M III. 


To find the Area of any 77 N Tun, Back, or Cooler, 
N in Ale Gallons, &c. 


Sce the Rule for fading its Area in Inches at Prob. 3, p. 340. 
then divide (or multiply) that Area as before, and you will have 
the Area requir Cl. EDITION 
Example. If the Length of the Baſe of a Triangular Cooler 
be 86,4 Inches, and its perpendicular Breadth be 57 Inches, what 
will its Area be in Ale Gallons ? * | 
Firſt, 86,4 K *7 = 2462,4 Then 282) 2462, 4 (8,73, Ge. 
Or 2462,4 K 0003546 = 8,73, Sc. the Area in Ale Gallons. 


Proceeding thus, you may eaſily find the Area of any Tun, Back, 
or Cooler, whether ir be in the Form of a & Hhoml uus, Rhomboides, 
Trapezinm, or of any other Polygon, either regular or irregular, 
in Ale or Eeer Gallons, Sc. if you firſt, divide it into Triangles, 
and then find the Area's of thoſe Tri angles; (as in the 2d, ath, 
5th, and eth Problems in Chap. 5; Parr III.) the Sum of thoſe 
Area's being divided (or multiply d) by its proper Diviſor (or Mul- 
tiplicator) as above, will give the Area requir'd. | 
Noa, the Practical Way of dividing any Polygonous Tun, 
Back, c. into Triangles, 15 by help of a chalk d Line, ſuch as the 
Carpenters uſe, and may be thus perform d. — 

Suppoſe any Brevier's Than; Back, or Cooler, in the Form of the 
annex d Figure ABCDFG. Let one End of the chalk d Line 
be faſten d with a Nail (or otherwiſe) in any Cerner or Angle 
or ihe Buck, ar it I Rn OO OOO TEES 
it to the Angle at C, ſtrike the Dia- B T 
gcn2] Line A C upon the Bottom of 
the Back; and ſtraining, it again to ee oY 
the Angle D, firike another Diagonal ene 
Line, as A D, and fo on for the Dia- 
gonal Line G D, &c, Then Having | 
mark d out all the Diagonals, the Perpendiculars may be thus 
found: Faſten (as before) one End of the chalk'd Line in the 
Angle B, and then by moving it 10 and fro upon the ftretch, 
find out the neareſt Diſtence between the Angle at B- and the 
Diagonal Line AC ; there ſtrike a Line, and it will mark out 
the Perpendicular frem B to the Line AC; and ſo on for the 
other Ferpendiculars: Which being all mark'd out upon the Bot- 
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16 Inches, 


tem of the Back, meaſure them and each. Diagonal by 2 Line of 
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Inc hes, 8c. and then the Area of that Back may be computed; as 
directed above. - | : : Fee 
And here, by the way, it may te obſerv'd, that the number of 
Triangles will always be leſs ty Tuo, and the number of the 
Deggonals 75 Ly Three, than the number M the Sides of any 
Right-lin'd Figure that is ſo divided. | hogs 
Having found (as aFove) the true Area of any Brewer's Back or 
Cooler, (which, according to the Laws of Exciſe, ought alwa 
to be fix'd or immovable) the next thing will be to find out” the 
true Dipping or Gauging Place in that Back, that ſo the true 
Quantity of Worts may be computed (or caſt up) at any Depth 
which may be thus done, | 1 


1. When the bottom of the Back is coyer'd all over (H any 
Depth) either with Worts or Liquor, (viz. Vater) then dip it 
in Eight or Ten ſeveral places (more or leſs according to the 
larg2neſs of the Back) as remote and equally diſtant one from 
another as you well can, noting down the Vet Inches and Deci- 
mal Parts of every Dir. Rt 15 NI 

2. Divide the Sum of all thoſe Dips or wet Þ:ches by the Num- 
ber of Places you dipp'd-in, and the Quotient will be the Mean 
Mot of all thoſe Dips. „ re 
, 3. Laſtly, find out ſuch a place by the Side of the Back (i, yon 
tan) that juſt wets the ſame with that mean Dip, and make a 
Notch or Mark there, for the true and conſtant Dipping- place of 
that Back. Then if any quantity of Worts (which do cover the 
whole Back) be dipp'd or gauged at that place, and the wet Inches 
ſo taken be multiply d into the Area of the Back in Gallozs, the 
Product will ihew what Cuantity (viz. how many Gallons) of 
Worts are in that Back at that time, provided the Sides of the 
Back do ſtand at Right-argles with its Bottom. We OT RY 


Sect. 2. To find the Area of any Circular and Elliptical 

5 . - Superficies i Gallons. YATES. 
1. I have demonſtrated in Chap. G, Part III, and Theorem 3; 
5, 6. Part. V. that the Periphery of the Circle whoſe Diameter is 
Unity, or 1, is 3,14159265, Sc. (or for common uſe 3,1416) and 
that its Area is 0,785 39816, Sc. (or 0,785.4 fere.) | 
2. Alſo, that the Peripherzes of all Circles are in Proportion 
one to another as their Diameters are; and their Arca's are in 
Proportion to the Squares of the Diameters, I hat is, i'; 
As I: 3,1416 :: the Diameter of any Circle: to its Periphery. 
And 10,854 : ; the Square of the Diameter: to the 3 
Pon 


* 
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| "theſe Two proportion depend the Solwtior of of all the 
c ommon or Prattical Queſtions about a Circle. Ale Pag. IRA 


PROBLEM IV. 


x TY Diet of any Circle being given in Lache s, To fr. 

F Ihe Periptery. \ 

| Rule. Multi! the gicen Diameter with 3,1416, and the Pro- 
| duct will be, the Feriphery reqquir a. THe Prob.1,p.408] 


 Frample. Suppoſe the Diameter of. a Circle be 54 Inches, 
and at were requir'd to find irs Periph>tyr 
nm 5435 X 3,1416 = 171,21, Sc. Inches is the Periphery 


bet Corverſe of this. is ; eaſie, Viz. by 233 the Periphery 
given, 1 to find the Diameter. (See Prob. 3, page 408. 


| PROBLE M v. 
The Diameter of any Circle being givers, (in Inches) to fd | 
＋ | 14 Area i Gallons. 
C Aultipſy the Square of the pro pos Diameter into 
0,7854, and the Product will be the Area in Inches: 
Mule. {fee Probl. 2, p. 408] That Area being divided by 282, 
or 231, &c. the Quotient will be the Area requir d. 


Example. Suppoſe the given Diameter be 54,5 Inches, as above, 
Firſt 54,5 K 545 == 2970, 25. And 2970,25 X 0,7854 = 2332,83 
the Area in Inches: 

Then 282) 2332, 03 (8,2724 the Area in Ale or Beer Gallons, 
And 231) 2332,83 (10, 988 the Area in Mine Gallons. _ 
Or 268, 89 2332 83 (8,6788 the Area in Corn Gallons. 


But theſe Area's in Gallons may be much eaſier found, without 
knowing the Circle's Area in Inches, as above, by having the 
Square of the Diameter of that Circle whoſe Area is one Gallon; 
which may be thus found, by Theorem 6, Page 497- 


0,785398: 1 282 : 359,05 the Square of the be of 
the Circle has Area is 282 cub ich Inches, viz, one Ale Gallon. 


And from this Proportion will ariſe theſe followin Diviſors; 
Viz. o, 585398) 282, 0 (359,55 will be a Diviſor for A. 6. 
And o, 785398) 231,009290. (294,12 will be a Diveſor for M. G. 
Or 5785398) 268, e ( 34224 will be a FO for C. G. 
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= If the Square of the Diameter of any Circle be divided hy any 
one of theſe conſtant or fixed Diviſors, the Cuotient will thewthac 
| Circle's Area in their reſpective Gallons : As for inſtance, in the 
laſt Circle, whoſe Squate of its Diameter is 2970,25, E 32 
Then 359,05) 2970, 25 (8, 2725 the Area in A. G. 77 
And 294, 12) 2970, 25 (10,0988 the Area in M. G. >As before. 
Or 342724) 2970, (8,6788 the Area in C. G. 5 
| Now theſe Piuiſors may be turn'd into Multiplicators by divi- 

ue Unity or x, as in pog- 43 5: Or rather by dividing the Area 
„I in Inches of that Circle whoſe Di 5 | 5 


ameter is I, | 
bat is, 0,785398 by 282. Or by 231, 6c. 1 to 
9 Thus 282) 0.785398 (2,052785 the Multi plicator for Ale Gal. 
5 And 231) o, 785398 (o, 003399 the Multi plicat or for Wine Gal. 
Or 268,8) o, 785398 (o, 02922 the Multi plicator for Corn Gal. 
Theſe Multiplicatars are the reſpective Area's of a Circle whoſe 
Diameter is 1; and therefore, if the Square of the Diameter of 
any Circle be mxltiply.d with any of theſe Numbers, the Product 


will be chat Circles Area in Gallons of the ſame Name: 
th Viz, 2970,25 X 0,002785 = 8,2725 the Area in A. G. as above. 
And 2970, 25 X 0,003399 = 10,0988 the Area in N. Gal. 8. 


Thus you ſee, that if the Diameter ef apy Circle be given in 
Inches, there are Three ſeveral Ways of finding its Area in Gal- 
e. Ions, and all equally true; bur that which is pertorm'd by the con- 
83 ftant Divifors is moſt generally practis tc. 


15 PRO BL EM VvI. 
The Tranſverſe (or longeſt Diameter) ad th» Conjugate (or ſhor- 
teſt Diameter) of any Elliptical Superficies hei- g grver, To fn,j 
its Area in Gallons. 5 5 lr; ere e 0, 
F e Multiply the Two Diameters ( viz. the Length and 
\ Breadth) 7eg-ther, aud divide their Produ by 2905 
IRule. for Ale Galions,. or 294,1. or Wine Gallons, Sc. the 

{Quotient will Je the Area requird: L See Theorem , 


- 
# 
* 
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A RAINS od rites 2 
Example. Suppoſe the longeſt Diameter to be 73,5 Inches, 
ind the ſhorteſt Diameter to de 51,6 Inches; Wahat will the Area 
de in Ale Galena? nn rob et Wes 
Firſt 73, 5 K 51,6 = 3792, 6. Then 369,06). 37,6 (x0, 
che Area in Ale Gallons. Or 294, 12) 3792, (12,89 the Area 
in Mixe Gallons, Sc. Note, 


2 
* 
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Inches; then if that Area in Inches be divided by 282, or 231 


ulld the Ullage of a Caſk ;'as ſhall be ſhe w d farther on. 
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Mote, The two laſt Problems are of great Uſe in gauging of 
Horts amongſt Country Victuallers, who generally brew but ſhort 
Lengths of Ale, (perhaps betweer 20 and 60 Gallons at a Brews 
ing) and cool their Worts in ſeveral ſmall open Veſſels or Tubbs, 
whoſe Baſes or Bottoms are either a Circle, or an E!l;pfis, having 
their Sides but low, and are moſt commonly wider at the Top 
than at the Bottom. 75 . n 
Now a practical Way of computing the Quantity of Wort 
that are at any time in one of thoſe open Tubbs, is briefly thus: 
When the Tulh is dry, find the true Aren of its Bottom according 
to its Figure, (as above) and either mark that Area on the ot. 
fide of the Tubb, (which was the way I generally usd to order, 
becauſe the V ictuallers did often lend their Cooling-Tubbs one to 
another) or elſe Number the Tubb, and enter its Area ( and its 
Number) into the Stock-book ; then, when any of thoſe Tubbs 
hath Worts in it, take the Diameter of the Surface or Top of the 


Worts, and find that Area, adding it and the Bottom Area toge- 
ther. If either the half-Sum of thoſe two Area's be multi ply'd with 


the Depth of the Worts, (taten as near the Middle of the Tubb 
as you well can) or, if the Sum of thoſe two Area's be multiply'd 


with half the Depth (ſo taten) the Product will he the Cu 


tity of thoſe Worts very near the Truth. | 
£5: --2+BROBLEM: I 


The Diameter of any Circle, and the verſed Sine (viz. the Height) 


of any Segment, being given, To find the Arcaof that Segment 
in Gallons. | Where nd Id wade 


In the 410th and 412th Pages you have Two Ways (and their 
Examples) of finding the Area of any Segment of a Circle in 


Sc. the Quotient will be its Area in Gallons, But becauſe the 
Area of any ſuch Segment may be readily found in Gallons (wit 
out finding its Area in Inches) by help of a Table of Segment, 
. whoſe Conſtruction is laid down in the Problem, page 411, &o. 
have here inſerted a Compendium of ſuch a Table, which wil 
ſerve very well for common Practice, not only to find the Area ol 
any Segment of a Circle in Gallons, but alſo to find the Numbei 
of Gallons that are either draw» ont, or remaining in any (Yi. 
drick Veſſcl lying along; or of any cloſe Cask, ( being firſt red! 
ced to a Cylinder )'its Axis lying parallel to the Horizor, uſua 
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A Table of the Segments of a Circle whoſe Area is Unity or 1, 
the Diumeter b 


equal Parts. 


44 


eing divided by parallel Chord- Lines into 100 


VS Seer! EY V.S.Segment|, V.S.'Segment | V8. | Segment 
ROO 26 652068 * 5 75055 
2 \0,90 27 o, 2178 210, 52 , 8262 
3 | 0zoot 71 ES o, 2292 53 83305 78 o, 8369 
1490134] 29,407 54.550 79 0, 8474 
382 [30162523] J | BY 0,8570 
. 61030245] 27, 2640 1 5610,5762 81 0,8677 
7 19,9308]. 32, 2252] [57]0,5888] | 82 0,8776 
8 30375 33 0,2878 5810, 6014 3 0,887 
9044 34, 98 1 5910,6140] | 84 0.8968 
To10,0520] 350,319 60e, 6265 85 o, 9059 
11 36,3241 610, 6 389 86 0, 9149 
12 37 0,3364] (620,514 87 , 9236 
13 1380, 3486] 46310, 6636 8 0, 9320 
144 390, 3611 64,0,6759] | 89 , 9402 
1519,9941| [49 19,3735] 5388881 | 99039480 
5670. 41,3850 66, 0,7002 91 0,9554 
17 11 420, 3986 167 22 | 92. 0,9625 
18 144304112 68 0,7241} 930,692 
19 40,4238 69 0,7360 | 94'0,9755 
20 | 323% [72 97477 95 829813 
21 44.6 | 71 7553 55 5,856 
22 47 0,4618 721 0,770 97 | 09,9913 
23 [01738] [48]0,4745] | 731078221 9800,52 
[2410,1845|- (40 [487 |74/9,79341 99 0,983 
[25 | 01955] Lese Ile 8e [100] 1,0000 | 


The Uſe of this Table of Segments depends upon the follow- 
ing Proportion, 


555 the Diameter of any propos d 
viz. 


Circle : Is to 100 (the 


Diameter of the Tabular Circle) :: So is the Height of any 

C Segment of the propos d Circle: To a verſed Sine inthe Table. 
Then if the Tabnlar Segment, which ſtands againſt that verſed 
Sine, be multiply'd into the Circle's Area, (either in Inches or 


Gallons 


the Product will be the Area of the Segment requir'd, 


(of the ſame Name) viz. If the Circle's Area be Inches, the S-g- 
ment will be Iurhes; it Gallons, the Segment will be Gallons. 


LII 


Exam- 


ac. 
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Example. Let the Diameter of the given n Circle be DA=62,5 
Ert he , and the Height of the Segment | 
ſought be FA — 20 Tuches; ; What will 
its Area be in Ale Gallons ? 

Firſt, the Area of the whole Circle 
will be 19,879 "ben Gallons, (by Pro- 


blem 5.) and the r will ſtand 
thus, 62,5: : : 20: 32 the ver- 
ſed Sine of the Table whoſe Segment i is 


0,2759. 

Then 10, 8793 X 0,2789 = = 3,0016 Ale Gallons, being the 
Area of the Segment BAG F, as was requir'd. | The like may 
be done for Vine Gallons, Corn Gallons, or Inches. 

And, upon occaſion, the like Segments of any Ellipfis may be 
eaſily found. See the Proportions in the Corollaries to the th 
and 8th Theorems, page 412, Sc. to which I here, for Brevity's 
ſake, refer the Reader. 


Set. 3. In compute the Contents of ſuchVe 21s (viz. Tuns, Gr.) 
as are in the Form of the alla Solids, 


Note, Before the young Gauger proceeds to theſe Computa- 
tions, he ſhou}d be well acquainted with ſuch Solids as are defin'd 
in p. 402 & 403, and then he may eaſily underſtand what fort of 
Figures are meant in the following Finn wirhout the repe- 
tition of many Words. 


PROBLEM VIII. 


To of d the Content of any Priſm. whoſe Sides are Parallelograms, 
what form ſoe ver its Baſe is of. 


Thar i is, to compute the Content ( in Gallons ), of any Ter, &e. 
whoſe Sides are Parallelegrams Ry ſtand upright, or at Right- 
angles with-its Bottom. 

Firſt find its ſolid Content in Inches, by Theorem 9, page 414; 
hen divide that Content by 282, or 231, or by 268,8 ; the Quo- 
tient will ſhew the Content i in their reſpedtive Gallons, viz. in Ale, 
Hire, or Corn Galſon ss. 

. Or elſe mply the: Content in Inches with 0,003546, or 
£24329, Ge. { See the Multiplicators, page 435. ] thoſe Pro- 

ut will be the Content in their reſpective Gallons, | 

Or otherwiſe thus: 

iind the true Area of the Iuu's Baſe or Bottom, as direged! in 
SC., p. 435; that Area being multiply'd with the Tus Height 
(viz. Depth within) will produce the Coment in Gallons; as be- 
fore. 114 I take 
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I take the Work of this Problem to be ſo very eaſie, it needs 

no Example. _ . ir | 
PROBLEM IX | 


14 


To find the Content of any Pyramid (in Gallons) whoſe Baſe 
is bounded with Right-lines. © 

Every Pyramid is one Third part of its circumſeribing Priſm ; 
by Theorem 10, page 415, Therefore, 

If the Area of the Baſe of any Pyramid, in Gallons, be multi- 
ply d into Oze Third of its perpendicular Height; or if one Third 
of that Area be multiply d with the whole Height, either of thoſe 
Products will be the Content of the Pyramid in Gallons, c. 

But the Content of any ſquare Pyramid may be eaſily found in 
Gallons by this Rule : we ee | 


- Square the Side of its Baſe, and multiply that Square 
Luut the perpendicular Height; then diuide that Pro- 
Rule. O duct 5 846 282 x 3 for Ale Gallons, or by 593=231 
3. for Wine Gallons, or hy 806, 4 = 268,8 x 2 for Corn 

Gallons, the Quotient will be the Content requir d. 


Or, if you multiply the ſaid Product with 0,001182 for 4. G. 
or with 0,001443 for V. G. or, laſtly, with 0,001241 for C. G. 
the Reſult will be the Content requir'd ; As before. 


PROBLEM. xX. 


To find the Content (in Gallons) of the Fruſtum of an ſquare 
Pyramid, cut off by a Plain parallel to its Baſs. 


Firſt, Either by Theorem 15, page 419. Theorem 16, p. 420, 
find the propos d Fruſtums Solidity in Cubick Inches; then di- 
vide that Content in Cubick Inches by 282 or 231, Cc. and the 
. will be the Content of the Fruſtum in their reſpective 

ons. | 

But, from the aforeſaid Theorem 15, there may be eaſily dedu- 
ced the nn, General Rule for finding the Content of the like 
Fruſi um of any Pyramid, what Form ſoever its Baſes are of, ( ſup- 
poſrig them to be parallel) whether they are alike or units. 


Firft find the Area of each Baſe, (viz. the top and bot- 
[rom Area's of the propos'd Fruſtum) then find a Geo- 
Rule < metrical Mean between thoſ? two Area's (oy Lemma1, 
” | page 83) th2 Sum of thoſe two Area's and their Mean 
being multiply d into one Third of theFruſtum's height, 
(vill produce the Content requir d. 
SITY Eura 
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Example. Suppoſe a Iun in the Form of the Jower Eruſtum 10 
of a Pyramid, whoſe Baſes are Equilateral Triangles ; Let the 

Side of the Top be 42 Inches, the Side of the Bottom be 63:4 In- or 
ches, and its Height (viz. Depth) be 33 Inches; What will the 


Content of that Tun be in Ale Gallons ? | N g in 

Firſt find the Area of that Baſe in Inches, by Probl. 7, p. 34333 
then find what thoſe Area's are in Ale Gallons, by Probl.3,p- 436. P. 
Multiply thoſe two Area's together, the ſquare Foot of their WW” 
Product will be the Mean Area, c. As in this Example : F 
The Area of the Top is 2,71 2 1 
Example. . The Area of the Bottom is 6,12 7 Ale Gallons. 7 
The Mean Area will be 4,07 5 0 
| Their Sum is 12,90 7 

Then 12,9 X 7 == 141,9. Or = X 33 = 141,9 the Coz- 
tent requir d. | | | 
PROBLEM XI. 

To find the Content of any Right Cylinder in Gallons. 


That is, to compute the Content of any round Tun, &c. whoſe 
Diameters at Top and Bottom are equal, and at Right-angles with 
ats Sides. | | | 

The Content of ſuch a Ti may be faund by Theorem 11, 1 
Page 415 ; or otherwiſe by the following Rule. 


Multiply the Square of the Diameter izto the Height, 
RUule. 


and divide the Product ty 359,05 (or multiply with 

0,002785) Oc. as in Page 439, that Quotient (or { 

Product) will be the Content requir d. | | 
Exam. Suppoſe the Diameter be 4.2,5 and the Height 31,5 Inches. 
Firſt 42,5 X 42,5 = 1806,25. And 1826,25 X 31,5 = 56896,875 
Then 359,95) 56896,875 (158,46 the Content in Ale Gal. &c. 


PROBLEM XII. | 
To find the Content of any Cone or round Pyramid ir Gallons. 


. Becauſe every Cone is one Third of its circumſcribing Cylin- 
der. | See Theorem 13, page 416] therefore its Content may. be 


truly found by the following Rule. 
Multiply the Square of the Diameter of its Boſ- into 
the perpendicular Height, then divide their Product 
Rule. ) 1077,15 = 359,05 X 3 for Ale Gallons, or ty 
| 882,36 = 294,12 x 3 for Wine Gallons, &c. and the 
Quotient will be th: Content requir d. 


Or 


s ** 
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Or if the ſaid Produf? be imnukiph'd with 0,000928 e 


| | 43 
or with 0,001133 = thoſe Products. will be the Content 
in their reſpective Gallons, = - CES | 
Example. Suppoſe the Diameter of the Baſe be 42,5, and the 
perpendicular Height be 31,5 Inches, What will the Content be 
in Ale Gallons?s | (as before. 
Firſt 42,5 K 42,5 == 1806, 25. And 1806, 25 X 31,5 256896, 875 
Then 107, 15) 56896, 875 (52,82. Or 56896, 25 X 0,000928 
= 52, 82 the Content in Ale Gallons: And fo on for Vine or 


Corn Gallons, 


ooo EO SLENCAT 
To find the Content of the lower Fruſtum of any Cone in Gallons. 


That is, to compute the Content of any round Iun, &c. whoſe 
Diameters at Top and Bottom are parallel, but unequal =» 
The Content of ſuch a Iun may be found by the Rule at Pro- 
Hem 10; but from Theorem 16, page 420. twill be eaſie to de- 
duce this following Rule. 3 
To the triple Product of the top and bottom Diameters 
| add the Square of their difference ; Multiply that Sum 
Rule $ ita the Height (or Depth); Then divide the laſt Pro- 
duct by 1077,15 for Ale Gallons, or £y 882,36 for Wine 
3 L Gallons, the Quotient will be the Content requir d. 
Example, Suppoſe the Diameter at the top to be 52,4 Inches, 
the Diameter at the bottom 45,6, and the Height 30 [rches. 
Firſt, 52,4 X 44, = 2337,04. And 2337,04 X 3 7011,12 Fadd 
Allo 52,4 — 44,6 = 7,8 And7,8 7,8 = 62,84 | 
Then 0 4 Height 30 X 7071, 9 = 212158, 8 
en 1077,15) 212158, 196,96 : 23 
Or 212 158,8 X 0,0 3 8 96, 9 51 the Content in Ale Gall, 
And fo on for either Mine or CorxGallons, as occaſion requires. 
But if the Tun (or Veſſel.) be not truly circular, that is, if either 
its tap or bottom (or both of em) be Elliptical, whether they 
are alzke or unlite, it matters not, the Content of ſuch a Tun 
may be truly found by the General Rule at Problem 10. 


8 8 
The Axis or Diameter of any Sphere or Globe being given 
in Inches, To find its Content in Gallons. 


Every Sphere is Two thirds of its circumſtribirg Cylinder, by 
Thor. 18, prg? 423; from whence and Tor, 20, page 426, tis 
0 | pProv'd, 
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prov'd, that if the Cube of the Axis of any Sphere (taken in 
Inches) be mulciply'd into o, 5 T. will be the Con- 
tent of that Sphere in Inches. Conſequently, if that Content be 
divided by 282, or by 231, Sc. the Quotient will be the Content 
in Gallons. WY 
But thoſe two Works of multiplying with 0,$236, and then 
dividing by 282, or by 231, Sc. may be contracted into one, 
Thus 282) o, 5236 (001856 will be a Multiplicat. for A. G 
And 231) 0, 5236 (o, 02266 will be a Multiplicat. for .d. 
Or o, 5236) 282 (538, 57 will be a Divzſor for Ale Gallons, 
And , 5236) 231 (441,17 will be a Diviſor for Wine Gallons, 
From hence ariſes this following Rule. 
the Cube of the Axis of any Sphere be divided by 
| 538,57 (or multiply'd with o, 01856) or divided by 
e 4 441,17, (or elſe multiply'd with 0,002266 ) the Quo- 
tient (or Product) will be the Sphere's Content in 
(their reſpective Gallolss. 
Erxramplr. Suppoſe the Axis or Diameter of a Sphere or Globe 
be 22 Iuches, how many Ale Gallons may it hold? 
Then 22 X 22 X 22==10648. And 538,57) 19648 (19,76 f. C. 
Or 10648 x 0,001856= 19,76 Ale Gal. the Content requir'd. 
And fo for either Vine or Corn Gallons, as Occaſion requires. 


5 PROBLEM XV. 
To fird the Content of any Segment of a Sphere in Gallons; 


In the Scholium, p. 424, there are two Theorems for reſolving 
this Problem according to the Data. | 
I. If the Diameter of the Segment's Baſe, and its Height, are 
given, the Content may be found by the firſt of thoſe Theorems, 
which gives this Rule: | 
To the triple Square of half the Diameter add the 
Rule 1 Gere of the Height, then 2 that Sum inio 
Ithe Height, and divide the Product by 538, 57 for 
A. G. or by 441,17 for V. G. &c. as atove. 
2, But if the Axis of the Sphere, and the Height of the Segr 


ment are given, the Content may be found by the ſecond of thoſe 
. Theorems. . 


* um 


Ut 


From the triple Product of the Axis into the Height 

Rule 2. ful ſtract twice the Square of the Height, then mul- 

ki, tiply the Remainder into the Height, and divid? 
that Product by 538,57, &c. as in the laſt Problem. 

Itner 
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Either of theſe Rules will produce the Content of the Segment 
in Galldns. NY eee N 
Example. Suppoſe the Diameter of the Segments Baſe be 28 
+ 4 its Height be 8 Inches, what may it contain in Ale 
ONS. Y at me n | — | 8. 
Firſt 2) 28 F (by Rule 10 14 X 14 K 3 = 588. 
And 6 , 6==36. . 588 + 36= 624. Again024 X 6 3744. 
Laftly, 338,57) 3744 (6,95 the Content requir d. 
Note, This Problem may be of Uſe in Gauging the Crowns of 
Breeders Coppers, G. oy \ 


Seft, 4. The practical Method of Gauging any fi Tun or Cop- 
per, and making a Table to ſhew what it will hold at every 
Inch deep; uſually call'd Inching of a Tun, Sc. ; 


Firſt, you muſt know, that moſt (if not all) Brewers Tune 
are ſo fix d as to lean a little for conveniency of cleanſing their 
Drink, which is uſually call'd the Drip or Fall of the Tun. Now 
this Drip or Fall of any Tun is the Hoof of ſuch a Solid as that 
Tun is ſuppos'd to repreſent, and under that Conſideration it may 


be found, as in Theor. 16, p. 420: But the practical (and indeed 


the beſt ) way is, to meaſare into the Tun (hen tis dry) ſo much 
Liquor as will juſt cover its Bottom; for by that means you do not 
only ind the true Fall, but alſo a true horizontal or level Plain o- 
ver the Bottom of the Tun, from which if the Depth of the Tux, 
(viz. the neareſt Diftance from the top of the Tun to th? ſurface 
of the Liquor ) be ſet off upon every one of its Sides, you will then 
have a true parallel Plain at the top of the Tun to that of the Li- 
quor. Then, if the Sides of the Tux are ſtreight from the top to 
the bottom, take as many Dimenſions in the aforeſaid two Plains 
as are needful to find. the true Area of each ; and by thoſe two 
Area's and the aforeſaid Depth find ſo much of the Tun's Con- 
tent (by the General Rule at Problem X.) as is betwixt thoſe 
two Plains. . 5 | 

Next, to Inch thet Tun, divide the Difference between the fop 
and bottom Area's by the aforeſaid Depth, and the Quotient will 
be an Addend or fix d Number; which being added to the leſſer 
Area, the. ſum will be the Area of the next Iach; and being ad- 
ded to that Area, their ſum will be the Area of the Third Ich; 
and fo on from Iuch to Inch, until the Area of every ſingle Inch 
be found; the ſum of thoſe Area's (if th? Work be true) will 
amount (or be equal) to the Content found, as above. And Fa 


” 
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the Iun's Drip or Fall be added to the ſum of all thofe Ae, 
"Hat ſqon will be the whole or full Content of that Tubus. 
| from hence it muſt-needs be eaſie to concelve, that 1 
x. 2. 3. or any Number of thoſe A#e&Fxccounted from the Bor- 
tom, be added to the Fall, that Sum will ſhew the Cuantity of 
Liquor or Drink thut is in the Tux, to ſucli a Number of wer In- 
abs from the Bottom as there were Area added N 5 LA 
Or, if the Sum of any Number: of thoſe Area's (being acroum- 
ted from the Top ) be ſubſtracted from the Tuns whole Content, the 
Remainder will-ſhew what Qzantity of Liquor or Drint᷑ is in che 
Tun, when there is ſuch a number of dry;/zthes from the Top as 
there were Area's ſubſtraged. | a 
This being well: confider'd, it will be eaſſe to make a Ta 
either to every wet or dry Inch of any Regular Tun, (vizi whoſe 
Sides are ſtreight from top to bottom) what Form aver irs Baer 
axe of, and wherher it ſtand upon the greater or leſſer Baſe: 
But if the Sides of the Tun are irregular, (viz. ot ſtreight from 
its Top to the Bottom) then the beſt and eaſieſt way will be to 
divide or part the Tun into ſeveral Fruſtums, each cf ten Inches 
deep; and finding the Content of every ſingle Fruflum,by taking 
the Diameters in the middle of every one of thoſe ten Inches, 
(that is, the firſt Diameter at 5, Inches from the Top; the ſerond 
Diameter at 15 Inches from the Top, &c.) and:multiplying their 
reſpective Area's with 10, (which is done'by:only.removing the 


ſeparating Comma's one place forward to the right Hand) if the 


Sum of all thoſe Fruſtums be added to the Fall, (as before] that 
Sum will be the whole Content of the Tun. ack Fad 
Note, If you take the Height of the*foreſaid ten Inch Fruſtums 
zn the Side f the Tun, you nuft allow fon the Difference between 
the ſlant Height and the perpendicular Height in every Fruſtum. 
Laſtly, If from the whole Content of the Tun you ſubſtract the 


Mean Axea of the firſt Fruſtum ten times, and from the Remains 


der ſubftratt the {rar Area of the ſecond Fruſtum ten times, and 
from the laſt Remainder ſubſtract the Mean Area of the third 
Fruſtum, 8c. until. there remain nothing but the Fall or Hoof of 
the Tux, you will then by that means have a Table that will thew 
what Quantity of Drizk is in the Tun to any number of dry Inc hel. 

And this is alſo the Method of Gauging and Inching Brewers 
Coppers, viz. by firſt meaſuring into the Copper ſo much Liquor 
as will juſt cover its Croum, and then dividing its perpendicular 
Height into Fruſtumg, and its Sides into four equal parts, that ſo 
ces Diameters may be taken in the middle of each Fruſtan, 

2M | But 


following Dzwen ſions of the propos d Cast muſt 


— 
—— 9— — 
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bur if rhe Cop be much wider at the Top than at the Bottom, 
and its Sides ſpheroidal or arching, as generally all Large Cop- 


pers are; then, inſtead of raking thoſe Mean Diameters in the 


middle of every Ten Inches, as above, you. inuſt rake them in 
the middle of eyery Six Inches, and Pee on as before. 

Now t ie Quantity of Liquor that would cover the Grown of 
the Copper, may de found without Meaſuring it, as above. In 
order to that, 1, do ſuppoſe the Crowy to be the Segment of a 
Sphere, and the Lower Part of the Copper wherein the Crown: 
ariſeth, rg be the Fruſtum of a parabolick Conoid; then if the 
Diameter _ 1 p of * C 7225 and its per endicular Height 
are given, the Cuartit zuor m e found by this fol- 
n „ W ä 


From the Area of the Plain at the Jop een, 
75 Su hſtract 1 5 of the Area of the Crown's Height ; the 
Rule. Remainder heing Multiply d into half the Height of 
pte Crown, will product the Quantity or Number of 

. Gallons that will: coverthe Grown, ' 
This Rule is deduc'd from Scholfum, Page 4.24, and Theorem 


. 
* 
— 


15. Page 430. . * 


Sect. 5. To com . te the Content of any 4 loſe Cask in Gallons, VIZ, 


' of any, Butt, Pipe, Hogſhead, Barrel, &. 


In order'to perform this digt Parr of Gayging, the "bree 
e Truly taken in 


Inches, and Decimal Parts of an Iach. Og 
The Bulge or Burg Diameter within the Cask. 

Viz. J Either of che Head Dzameters, ſuppoſing them both Equal. 

(And the Length of the Cast within. EC OT 
Note, In taking of theſe Dimenſions, it muſt be carefully obſerv'd, 

1. That the Bung-hole be in the middle of the Cask; alſo, 

that the Bung-ſtaff, and the Staff over-againſt the Bung-hole, 

are both regular or even within. | FR 

2. Thar the Heads of rhe Cask are equal and truly circular; 

if ſo, the Diſtance between the Infide of the Chine to the 

Outſide of irs oppoſite Staff, will be the Head Diameter with- 


- 


U 


in the Cask, very near. n ; 

3. With a ſliding Pair of Calipers, (made on purpoſe for that 
ug take the ſhorteſt Diſtance ar Length between the Outſides 
of the Two Heads; ( Juppe ing them ever) from that Length 
ſubſtract 1 + Inch (wore, or leſs, according to th. Largeneſs of the 

- M m m Cask) 


* 


; — * 8 
N 
ID 


$4 Ba . 


= 


— 


if the Outward curvd Lines 4 BC, © 


- 
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Cask) for the Thickneſs of the two Heads, the Remainder wil 
be the Length of the Cask within. ps 


Now, by theſe Dimen ſions, one would ſuppoſe the Content of 
the Cast were perfectly limited; but it will be eaſy to per- 
ceive, by the following Figure, that the Diameters (aboveſaid) 
and the Length of one cast may be Equal to thoſe of another, 
and yet one of thoſe Casks may contain or hold ſeveral Gallons 
mare than the other. tg: pg | * Tl 
As for Inſtance, ſuppoſe the Arnex'd Figure A BC DGF, to 
repreſent a Cast; then it is plain, that | 


and FG D are the Bounds or Staves 
of the Cask, it muſt needs hold more 
than if the Inner Streight or prick'd 
Lines were its Bounds or Staves; and 
yet the Bung Diameter BG, Head Dia- 
meter C D and AF, and che Length Wy 
LA are the ſame in both thoſe Cass. VOM 

Whence it plainly ap that no one certain or general 
Rule can be preſcrib d to find the true Content of all Sorts of 
Casks, and therefore Gauger do uſually ſuppoſe every Cast to 
be in the Form of ſome one of theſe following Solids. 


o 


I. The middle Zone or Fruſtum of a 8 pheroid. 


II. The middle Zone or Fruſtum of a Parabolick Spindle. 
III. The lower Fruftums of two equal Parabolick Conoids. 
IV. The lower Fruſtums of two equal Cones. 


| Now the Way of Gangirg at the Cass Form, and computing 
its Covtent, according to its ſuppos d Form, I thall here ſhew in 
their Order. nnn | 


I. If the Staves of the Cas are very curved or Arching, ( as 
the outward Lines of the laſt Figure ). then the Cast is ſuppos'd 
to be in the Form of the middle Zone or Fruſtum of a Spheroid, 
whoſe Content may be computed, by Theorem 22. Page 427. 
whuch gives theſe two Rules. | 


To Twice the Square of the Bung Diameter add the 

F Square of the Head Diameter; multiply that Sum in- 
Uule 1. to the Length, and divide the Product by 1077, 15. 
(Vis. 3,8197 x 282 for Ale Gallons ; and by 882, zb. 

' Viz. 3, 8197 x 231 for Wine Gallons. Or thus, 


RB .ite 


Viz 


_—t. 4 


To Nice the Area of the Bung Circle, add the Area 
Rule 2 of the Head Circle; multiply their Sum into one | 
Third of the Length, andthe Product will be the | | 


Content in their reſpective Gallons. | 


Example 1. Suppoſe a Cask in the Form of the middle Zone 
of a Spheroid, whoſe Bung Diameter is 31,5, Head Diameter 
25 and its Length 42 Inches. ; | 
Firſt 31,5 X 31,5 K 2 = 1984, 5 And 24,5 & 24,5 = 600,25 | 
Again 1984,54 600, 25 =2584,75.And 2584,75X42 108559, 1 
Then 1077, 15) 108559, 5 (100,78 the Content in Ale Gallons. 15 
And 882,35) 108559, 5 (123,93 the Content in W. Gallons. 


Or thus, by the Second Rule. 


Bang Diameter 31,5 Twice its Circle s Area is 5, 5 270 | 
Head Diameter 24,5 its Circle's Area is 1,6718 
The Length 42 divided by 3 is +5 7,1988 —theirSum. 
Then 7,1988X 14 wh the Content in A. Gallons, as before 


And ſo the Content in Vine Gallons may be found. 


II. If che Staves of the Cask are not quite ſo much curved or 
Arching, as was ſuppos'd before, the Cask is then taken for the 
middſe Fruſtum of a parabolict Spindle, and its Content is com- 

puted, as by Theorem 27. Page 432. Which gives this Role. 


| (To Twice the Square of the Bung Diameter, add the 
Square of the Head Diameter ; from their Difference 
Rule. Subſtra&t four Tenths of the Square of the Difference | 
j ey the Diameters ; multiply the Remainder into the 
I Length, and divide the Product by 1077,15, &c, 

| As above. . hb | 
Example 2. Suppoſe the Dimenſions the ſame as before. Then | 
31,5X31,5 K 2:Þ+ 2445 K 24,5 2584,75. And 31,5—24,5=7 


Again 7 x 7 x 0,4=19,6. And 2584,75—16,6 : x 42 =107736, | | 
"Then 1077, 150 107736, 3 (109,01 the Cort. in A. &, Gc. for WW. b i 1 


III. When the Staves of the Cask are but very little Curved or | 
Arching, then it's ſuppos d to be in the Form of the Fruſtums of | 
Two equal parabolick Conoids, abutting or joining together upon I 
one common Baſe at the Bulge, and the Content may be found 17 
by Theorem 25. Page 439. which gives theſe Rules, 


M m m 2 | Rule 
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[ To the Square a the Bung Diameter aqd the Square 
le the 2257 0 aN Su 85 the 
Rule 1, < Length, and Divide * Product by 218;08 © 
| (viz. 2,5464 K 282) Jer Ale Gallons vor by 588,22 
C(viz, 2,5464 X 231) for Wine Gallons. Ur thus, 
| © To th? Area of the Bung Circle add the Area of the 
Rule 2. HeadCirde ; „„ 
C. aud the Product will be the Content requir d. 
Example 3. With the ſame Dimen ſions as before. Then 
1,531, 5: + 24, 5K 24,5 2 1592, 5. And 1592, K 42266885 
Ang a 958 6e 85 75 = Content in Ale Gallons. © 
Or 588,22) 66885 (113,7 the Content in Wine Gallons. 

IV. If the Staves of the Cast ate ſtreight from the Bulge to the 
Head, as the Iuner prick d Linen in the laſt Figure, (if ſuch u 
Cast can be made it is then taken tor the Lower Fruftums of Ib 
equal Cozes, abutting or joining together upon one common Baſe 
at che Bug. And its Content may be compured as at Problem 


* 


13. Page 445. or by Theorem 15. Page 419. Thus _ 
To th? Sum of the Squares of the Head and Buxg Dia- 


RN ule | 1 add their Product; then multiply Hit Sum iu- 
Nule. 


to the Lergth, and Dipide the loft Product By 107,15. 
Cor by 882,36. The Quotient will be the Content, G. 
| Example 4 With the fame Dime»: ſions as before. J 
Firſt 31,5 X 31,5: + 2455 2445.3 ＋ 31,5 & 24,5 2 2364, 25 
And 2364, 25 K 42 = 99298,5 Then 1277,15) 99298, 5 (92,18 
the Content in Ale Gallons.. And fo on for Nine Gallons. . 


Thus you have the Methods of computing the true Contents of 
the four Solids, in whoſe Forms all acts 
are ſuppos d to be. And by the Exam- Ale Gallong. Hi 
ple s it appear: that Four ſuch Cass as have I. 109,78 Her 2 
their Dimen ſinns all equal, and the ſame | II. 100,01 |. 977 
wich. thoſe above-mention'd, their Cozz- III. 93,01 7 
texts will be as in the Margin. EV. 92,18 „83 


From the Diſproportioz or Ineguality of theſe Differences.it 


will be.ea(y to conceive, that there may be feyeral Cars whoſe 


Contens cannot be truly found, according to the aforeſaid ſup- 
pas d Forms; and therefore, in order to rectify the ſaid Iacguali- 
ties, ſome Authors (that have written upo#t Hs Subject have 
lad down Theorems of their own Iuventich; ( aid yet call d them 


ty 
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25 theſe | Nimes others have propos d Tables for the ſame Pur- 


poſe, But ſince it is ſo, that we can only gueſs at the T/uth, the 
Plaineſt and 2afieft Way is to be preferr'd in Practice; and that 
is, by finding ſuch a z22a, Diameter as will reduce the propos'd 
Cask to a Cylinder. E | | 
( Multiply the Difference between the Head and Buy 
. \ Diameters, with 0,7. or with 0,65. or with o, 6. or wit 
Thus; 40,55- according as the Staves of the Cask are More or 
Leſs arching; Add the Produtt to the Head Diameter, 
and the Sum will be the mean Diameter requir d. Then 
(id the Content, as at Prob. 11. Page 444. 
Example. With the fame Dimen ſions as before. Then the 
Burg Diameter leſs, the Head Diam. is 31,5 — 24,5 =7. And 
M. D. A. G. Cont. 


7 X 0,65 = 29,95 —— 2,3504 X 42 = 68, 712,39 
7 X 0,6 = 28) 7— 2,2941 K 42 = 96,35|2,36 


7 X 0,7 = 29,4/its Area 2,4073 X42 = IO1,10 Dif. 
24 + 


77 x0, 55 28,35 2,2385 X 42 = 940312,32 
From theſe it may be obſerv'd, that the Difference between 
each Cask's Content is Regular, and very near Equal; which plain- 
ly fhews, that there is not ſo much Room left for Error this Way 
of computing their Contents, às was by the aforeſaid Forms. 
Now the Firſt of theſe four (viz. with 0,7) is very commonly 
uſed amongſt Gauging for all Sorts of Casks ; but I did never 
44 25 any Cask that would contain quite ſo much as that Rule 
id make it; and the Reaſoz doth appear very plain from 
Theorem 22. Page 427. being compar d with Theorem 19. Pag?: 
426. and the a Figure, uix. that no Cask ( being regularly 
mae ) can hold more than the middle Fruſtum of a Spheroid. But 
F always found by Experience, that if the Second and Third of 
theſe Rules (viz. with 0,65 and 0,6) were duly Apply d, they 
would anſwer very near the Truth amongſt the common Sort of 
Casks ; and the Fourth Rule (viz with 0,55 ) will come pretty 
near the Truth in computing the Contents of Cagks, whoſe Staves 
are almoſt freight berwixt the Head and Bung, viz. ſuch as 
ine Pipes, G. | | 


Sect 6. To find what Quantity of Liquor ts either Drawn forth, 


or Remaining in, any ſpheroidal Cask, uſually call d the Ullage 
of a cast. hath two Caſes, : | . 
Caſe 1. To find what Quaiitity of Liquor is in the Cast, when its 
Axis is per pendiular to the Horizon, viz, when it ſtands up- 

right upon one of its Heads. | Z 
* ; 5 


[ 


— Ce — — 
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" In order to perform this the cafe, Way, it will de conve- 
nient to know how to calculate the Area of any Circle betwirt 


the Bung and Head, whoſe Diſtance from the Bung or Meddle of 
the Cask is given. Now that may be done by this Proportion. 


As the Square of half the Length of the Cast: is to the 
N i Difference between the Bung and Head Area s:: ſo ig the 
Viz. 8 Square of any Circle's Diftance from the Bung : to the Dif- 
Ii | ferencebetweenthe Bung Area, and the Area of the Circle, 

Lviz. the Area of the Liquor s Surface. 


Demonttration. xx 


* 
* 
- 
* 
- 


5 H= Half the Length of the Cast. £ 5 
Let 3 D = Half the Bung Diameter. . 
(C4 = Half the Head Diameter. : EE 

55 75 Diſtance of any Circle from 
And 


the Bung. 17 a 


a = Half the Diameter of that Circle. 127 


Then according to the common Property of the Ellip fis, Pag? 
68, it will be, Ing : K IBS 
B: DD:: BB — HH: dd. And ed — PP : aa. 
DDHH __ - es 
E'99 J 5D — 47 greg LB. 
| : | 2 DD — 44 
eee e UT DDPP 76. we 
This Æquation being brought out of the Fradtions, will 
become DDHH - aa HH= DDPP -- dd PP. 


8 are HH :DD — dd:: PP:DD — aa. 


Then D D 4a being ſub/iratted from D O, will leave a a. 


Bur Circles Area's are in Proportion to the Squares of their Diame-, 


ters, by Theorem 6. Page 407. Therefore, Sc. Q. E. D. 
Then, from the Burg Area ſubſtract one Third Part of the 


aforeſaid Difference, viz, between the Burg Area and the Area 


of the Liquor s Surface; multiply the Remainder with the Li- 

quor's Diſtance from the Bung, and the Product will thew what. 

er ty of Liquor is either Above or Under half the Content of 
asR, . | 


Example. Let us ſuppoſe a cast of the ſame Dimenſions with 


that in rhe firſt Example, Page 451. and let it be requir'd to 


find what @zartity of Liquor is in it, (of Ale Meaſure) when 
chere is but 9 Inches wet. Here half the Length of che 41 3 21 
; : ; cy, 


1 


| 3 — Rer. | 
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Inches, whoſe Square is 441, and the Liquor's Diſtance from | 
the Bung, is 21 — 9 = 12. Its Square is 144. The Difference 
between the Burg, and Head Area's is 1,0917 (= 2,7635 — 
1,6718.) Then 441: 1,09t7 : ©: 144 : 0,3564. 
a 2 — 54. = i the Area of the Liquor's 
Surface. 7 | | 
Agai 0,3564 (o, 1188. And 2,7635 — , 1188 = 2,6447 | 
Then 457 12 —= 31,7364, what the Cast wants of * | 
half full. Conſequently 50,39 — 31,73 = 18,66 will be the | 
Quantity of Liquor in the Cast at 9 Inches wet in Ale Gallons 
And if the Cask had wanted but 9 Inches of being Full; 
then 50,39 + 31,73 = 82,12 would have been the Cuantity 
of Liquor in the Cask. | 24 £32 af any 
Note, Becauſe the Two Firſt Terms (viz. 441 and 1,17 
72 the Proportion are fix'd, viz. continue the ſame for any Di- 
ſtance, twill be very eaſy to calculate the Area's of all the Circles 
betwixt the Bung and Head to every Inch, and by that Means 
to make a Table that will ſhew what Quantity of Liquor is either 
drawn Out, or Remaining in the Cask, at any Depth. | 


— 
* 


- — — Et + — — 
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Caſe 2. To find what Quantity of Liquor is in any Cast, when its 
Axis is Parallel to the Horizon, viz. when it lies along. 


There are Variety of Tables to be found in Books of Gauging 
for this Purpoſe ; but I always obſerv'd, that the following 
Method of computing the Ullage, by a Table of the Segments of 
a Circle, came very near the Fut h in all Sorts of Casks, which is 
thus perform'd : | 

1. By the Bung and Head Diameters, find ſuch a mean Diame- 
ter as you judge will Reduce the propos d Cask to a Cylinder, by = 
the Method laid down in Page 453. And then find its full Con- | 
tent, as in thoſe Examples. 33 

2. From the Burg Diameter Subſtract the mean Diameter, 
and half Difference, (viz. divide it by 2.) 

3. From the Wet Inches of the propos d Ullage, Subſtract the | 
bud half Difference, and call it x ; then obſerve this Proportior. 1 
ms J. the Mean Diameter : is to 100 (the Diameter of | 

12. 


the Tabular Circle) :: ſ% is the laſt Difference (viz. x) | 

: to a verſed Sine is the Table, (Page 441.) | 

Then if the Tabular Seginent, which ſtands againſt that Ver- | 
ſed Sine, be multiply'd into the Content of the Cask, the Product | 
will thew the Ullage, viz. what Quaztity of Liquor is either in 
the Cask, or draws forth. | 


Example. 


CTC 
* 


2 


Exainple 1. Let the Cask be that of the ſecond. Sort, in 
Page 453. viz. whoſe Bung Diameter is 31,5 liches, mean Dia- 
meter 29,05 and Content 98,71 Ale Gallons ; and ſuppoſe. 
there were 10, 5 Inches Vet in it, it is requir d to find the Met, 
„ Ann Ganga ts wag A 


Here 31,5—29,05==2,45 its half is 1, 12. And 10,5— 1,22=9,28 
Then 29,25 : 100: ; 9,28: 0,319 =V. Sine; its Segm. is 0,2748 
And 98,71 X 0,2748 = 27,12 the Number of wet Gallon. 
Again 31,5—10,5 = 2t the dry Inches; and 21 = 1,22 = 19,98 
Then 29,05 : 100: : 19,78,: 0,68; its gent is 0,7241 | 
And 98,71 K 0,7241==71,48 the Number of dry Gallona. 
Proof 71,48 + 27,22==98,6 the Contents of the Cask very near; 
which plainly ſhews the Truth of this Method. A 


Thus far may ſuffice concerning Cauging of Backs or Coolers, 
Tuns, Coppers and Casks, Sc. To which 1 thalt only add, 
That as the Contents of all Brewers Uten fils are to be computed 
by the Ale Gallons, ſo the Contents of all Diſtillers Utenſils 
(viz. al their Waſh-Backs, Stills, and Casks, Ge.) muſt be com- 
es {kt r 
And in gauging ot Malt (zpor which thene is now. a Duty of 


four — Baſbel) you mult obſerve, That a Corn or 


Malt-Buſhel contain 2150,42 cuhick Inches ; (See Page 42.) 
and therefore in gauging of Malt-Ciſterns, or other Veſſels, 
2150,42 will be a conſtant or fix'd Diviſor for finding the Area's 
of Right-lin'd Figures in Buihels at one Inch deep, and 2738 
will be a conſtant or fixd Diviſor for finding the Area's of Cir- 
n 2-5 wor i ont L664 odd. 2c 
I have omitted the Buſineſs of gauging Maſh-Tuns, and ta. 
ken an Account of the Goods or Grains, in order to Eſtimate 
what Quantity of Worts were produc'd from them, &c. becauſe 
1 could never find ( 5 all my Gbſervations ) any Certainty there. 
in; nor is it poſſible there ſhould be any, by Reaſon of the 


Great Difference that is in Malt, (aud its Grinding ioo) for the 


o 
* 


and leaſt Grains; on the contrary, bad Malt (being ill gronnd 
yields che leaſt Norts and moſt Grains. | 


beſt Malt (well ground ') will yield or produce the moſt. Warts, 


— 
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